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(57) Abstract 

This invention relates to the use of Herpes Simplex Virus (HSV) immediate early protein ICP47, nucleic acid sequences coding 
for ICP47, and homologous proteins and nucleic acid sequences, to inhibit presentation of viral and cellular antigens associated with 
major histocompatibility class I (MHC class I) proteins to CD8+ T lymphocytes; this inhibition effectively increases infective persistence, 
which can, for example, improve the utility of viral gene therapy vectors. This invention also pertains to a method for the treatment of 
herpesvirus infections, wherein expression and/or activity of the ICP47 protein or its homologue is inhibited in order to increase immune 
recognition of herpesvirus-infected cells and other cells. This invention also pertains to a method for identifying drugs that interfere with the 
expression or function of ICP47 and its homologues, and which are useful in treating herpesvirus infections, and also pertains to the drugs 
so identified. Furthermore, this invention pertains to methods for the treatment and prevention of autoimmune diseases, tissue and organ 
uansplam rejection, diabetes, multiple sclerosis, arthritis, and tissue damage accompanying ocular herpesvirus infections, wherein ICP47 
or its homologue, or nucleic acids encoding such proteins, are introduced into the ceils of a patient In addition, this invention pertains to 
vector elements, vectors, polypeptides and polypeptide fragments that can be utilized for the foregoing purposes. 
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SUMMARY of THT- TKnreMTTnw 

This invention relates generally to the use of 
isolated viral proteins and isolated viral nucleic acids 
to mhlbit the ability of the immune system to recognize 
and then destroy virus- infected cells or other cells 
This invention also relates generally to the inhibition 
of viral genes, mRNA and proteins ±a visa in order to 
increase immune recognition of infected cells and other 
cells. More specifically, the invention relates to the 
use of Herpes Simplex Virus (HSV) immediate early protein 
ICP47, DNA sequences coding for ICP47, and homologous 
proteins and DNA sequences, to inhibit presentation of 
viral and cellular antigens associated with major 
histocompatibility class I (mhc class I) proteins to T 
lymphocytes. This inhibition effectively increases 
infective persistence, which can, for example, improve 
the utility of viral gene therapy vectors. This 
invention also more specifically pertains to methods for 
inhibiting expression and/or activity of the ICP47 
protein, which can increase immune recognition of 
herpesvirus -infected cells and other cells, and which 
can, for example, serve as a means of treating 
herpesvirus infections. 
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BACKGRnrTND pp twf INVETJTT np 

The normal mammalian immune system responds to 
viral infection in a variety of ways. One important 
response is that T lymphocytes become able to recognize 
and virus-infected cellS( wh . le non . 

cells unharmed. Since viruses multiply by taking over 
the cell's machinery, when T lymphocytes Jcill the virus- 
-fected cell they thereby li^c the ^ of 
" to reproduce itself. 

The ability of T lymphocytes to kill only 

cells to produce certain -signals-. These -signals- 
which are protein-peptide complexes called major 
histocompatibility (mc) complexes. are 
-mmalian cells in response to viral infection. rLe 
complexes are then transported to the surface of the 
infected cells, where they are -displayed- to other 

» c\r^ J!" T «• T lymphocytes 

tLr h ^ Chey C0B " int ° ™ with cells 

that have hhc complexes on their surfaces. If those 
complexes have associated with them viral or forei^ 
antigens in the form of small fragments of viral of 

25 iv^r Pr °" inS ' " CePEOrS °" the su "»«= of the T 

lymphocytes become activated, and the T l wh ocyc.s are 
-duced to kill those cells. But when T ^hocytes come 
-to contact with cells that do net have ch7vi r aT r 
foreign antigens associated with the MHC complexes on 

uewaeu ' J-W. , and Bennink j p r^n w- «. 
antiopp progPQ ■ ^ o.r., Cell hin ipgy n f 

MscQComnar_ibiisr y , p1 r1 ^^.^ 

i . *" Class I mm ecu i P . rogf ■ , 

lYmphory rP s , Adv. Immunol. 52:1-123 (1992,,. 
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There are two classes of MHC complexes, class I 
and class II. The production and display of MHC class I 
complexes is fairly well understood. Infected cells are 
able to degrade viral proteins to some extent, and short 
protein pieces, or peptides, are produced as a result 
These peptides are transported from the nucleus or 
cytoplasm to the endoplasmic reticulum (ER) or to the 
Golgi apparatus; the ER and Golgi apparatus are 
convoluted, membranous intracellular organs involved in 
the post-translational processing of proteins, and in 
their transport to the cell surface. Once inside the ER 
or Golgi apparatus, the peptides bind to the MHC class I 
protein «-chains and P- 2 -microglobulin, to form a 
trunolecular complex (Townsend, A., ohlen. c. , Bastin 

Ljunggren, H.G.. Foster, L., and Karre, K. 
Association of rlass T maj or ^ ■i | gfr ? compa^ ifeT i -i t- y h rn 
light Chains j.pducPci by viral n*mHH- Nature ^.^^ 
448 (1989)). This complex is then transported to the 
cell surface, where it can be recognized by T lymphocyte 
receptors. Receptors on the surface of a particular type 
of T lymphocytes, known as virus- specif ic CD8 + t 
lymphocytes, specifically recognize the MHC class I 
complexes that are formed by the combination of MHC class 
I proteins and peptides derived from a particular virus 
and induce the CD8 + lymphocytes to kill the cells that ' 
bear those complexes. 

The presentation of MHC class I complexes and 
their recognition by CD8 + T lymphocytes has been also 
implicated in a variety of human and animal afflictions 
other than viral infection. Perhaps the first role 
identified for MHC class I complexes was their role in 
tissue transplant rejection, which is why they are called 
Ma 3 or Histocompatibility Complexes- (MHC) . mhc Class I 
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complexes appear to be of particular importance in skin 
graft rejection. (Zijlstra, m. , Auchincloss, H. , Loring 
J. ; Chase, C, Russell, P.. and Jaenisch, R. , Skin m *l 
meet ion hy ^.IpmalnhiHn.^^H^ ~ j. ^ Med 
175:885-893 (1992,). in addition, a large number of 
autoimmune diseases are believed to be the result of CD8 + 

1 » l »cyt«. attacking cells displaying MHC class I 
complexes. For example, there is evidence that attack by 
CDS. t lymphocytes plays a role in multiple sclerosis 
(see Steinman. L. , Aucoimm,^ ^~~ r — Sci Aner 
2«(3):i06-ii4, f diabetes (Oldstone. M.B.A., Nerenberg, 

' Southern ' p -' p ~ce. J. , and Lewicki, h. , vj^us 
infection triggers insulin -deppnn>nt disho^o ^■,-,, n 

a transgenic mod el : ml o Q f anH . eo1f , . , . 

or anta-SPif (vims) <i- 111r 
response , Cell 65.-319-331 (i9Qii \ , ... . " "~ 

1 (1991 >J< and arthritis (Braun, 

Biochem. 25 (3 , : 187- 191 (1992,; Scarpa, R. , Del Puente. 
A., di Girolamo, c. , della Valle. G. , Lubrano. E. , and 

Orient e. P., Interplay hPrw een ral fa „_ 

articular involvement and HI.a-r-7 ^ r ~j- n ,- „,,„ 
^1992M 1r arrhr1 ri °' AimalS ° f ^""atic Dis. 51:78-79 

Although viral infection usually results in the 
display and recognition of MHC complexes, there are a 
number of animal viruses that are able to persist in the 

usuI;. thSSe meChanisms in i—e system that 

usually detect and destroy infected cells. Some such 
persistent viruses produce an extended or even constant 
infection, while others are able to become dormant or 
latent for long periods and then reappear to reinfect the 
individual. It is now recognized that some of these 
viruses evade detection by producing proteins that 
interfere with or block the cell's abiliry to make or 
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display MHC class I complexes (Gooding, L.R., 
Rrppsjns rti at counteract hn^ C ell 71-5-7 

(1992)). 

Different persistent viruses appear to 
interfere with different stages in the production and 
display of MHC complexes. For example, the Ela gene of 
adenovirus type 12 produces a protein that blocks 
transcription of the MHC class I genes, thus preventing 
the production of the MHC class I proteins themselves 
(Schner, P.I., Bernards, R. , Vaessen, R.T.M.J., 

TZtTl A " "* van der ^ A - J " Emrg - > - - — 

ma "" V '* *"* Stocqmpatabil-ir v anti aPng p witchert nff 
llv onnpgoi^ie aripnn yjrus ip transformed nt- 
Nature 3 05:771-775 (1983)). The E3 gene of human " 
adenovirus types 2 and 5 produces a 19 thousand dalton 
Pr ° tein that binds " the MHC class I proteins and 
causes them to remain sequestered or "stuck" in the ER or 
Golgx apparatus (Burgert. H.-G., and Kvist. S., An. 
adenovjmp type ? q 1v rnnmt e in hi..,. „„, , _ nrfnn 

c"l «!m7-997 (1985)T 7Z^arly 7larllT 1 * nr ^°' 
cytomegalovirus produces a protein that inhibits the 
transport of the completed protein -peptide complexes from 
the Golgi apparatus to the cell surface (del Val m 
Hengel h.. Hacker, H. , Hartlaub, u., Ruppert. T.', Lucin , 

antia"! Zl^riT' T°rT T 

nlmln inro r.h» nJ<*.^ Y ~^rr J# Med 

176:729-738 (1992) , . Using an apparently very different' 
mechanism, myxoma virus appears to cause the MHC class I 
proteins to be removed from the cell surface (Boshkov 
L-K., Macen, J.L., and McFadden, G. , Virus- ^ 
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of class T MWr antigens from rh P «„rf^ „, 

. mfecrPd with myxoma vin,s anri maliananr ~hv^ ^ rnn , , 
viru § . J - Immunol. 148:881-887 (1992)). 

Herpes simplex virus (HSV) types i and 2 are 
persistent viruses that commonly infect humans; they 
cause a variety of troubling human diseases. HSV type 1 
causes oral -fever blisters- (recurrent herpes labialis) , 
and HSV type 2 causes genital herpes, which has become a 

io 217 venereal disease in parts ° f the No 

:L sat ;: £a r creacment for * enitai ™^ 

exists, m addition, although it is uncommon, HSV can 
also cause encephalitis, a life- threatening infection of 
bain. ( The Merrle M^ial , Holvey, Ed . , 1972; Whitley 

" Press (1990)). 

keratitis A S6ri ° US HSV - Caused di ^er is dendritic 

keratitis, an eye infection that produces a branched 

scarring and loss of vision. Ocular infections with HSV 
are a ^ cause Qf blladMM . q ^ ^ 

responses play a major role in causing the tissue damage 

llh tS fr ° m r6CUrrent ° CUlar m -actions, and T 
lymphocyte-mediated responses are a prominent cause of 
this damage. There is evidence that the CD8+ T cell 
subset is very important in these destructive immune 
responses (HendricXs. R.h. , and ^ pey , M. , ^c^rib^n 

X. ,ndu C Pd mrv^ r -, rhr1 , M| J , Inves t . Qpth^ol . . Via S ci 
31:1929-1939 (1990)). 

generalize! 11 infeCti ° n ' »™lly Produces a 

generalized, acute infection, which is cleared by the 
body's normal immune response. However, during the acute 
Phase, some virus particles invade sensory nerve cells 
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and there they are able to become latent, and survive 
long after the acute infection has been cleared by the 
immune system, even though antibodies against them are 
abundant in the blood. They then later become re- 
activated and produce local infections. These are as 
might be expected, fairly rapidly cleared by the already- 
prepared immune system. (Zweerink, H.J., and Stanton, 
L ' W " ft"™"* response m hcr p es ajrnp1oy vir , ls ^ f n ,,' 

y^s-sperific anrihorliP^ in SPra ^ ^ 

r . gc W rrenr fgcjal jufprriopo , infect. Immun. 31:624-630 
(1981)). This cycle is quite familiar to those who are 
prone to "fever blisters", which appear to be caused by 
sunlight- induced activation of latent HSV particles in 
the lips. 

Like certain other persistent viruses, it 
appears that HSV inhibits immune recognition of infected 
cells by interfering with the synthesis, transport or 
display of MHC class I complexes. One reason that this 
was not immediately appreciated by immunologists studying 
anti-HSV immunity is that in mouse models of HSV 
infection, the infected cells are primarily Jcilled by 
HSV-specific CD8 + T lymphocytes, which specifically 
recognize MHC class I protein-HSV peptide complexes; this 
suggests that in these models, CD8 + T lymphocyte 
recognition is not strongly inhibited. However in 
humans, the HSV- infected cells are more often 
specifically killed by HSV-specific T lymphocytes of 
another class, called CD4+, which recognize complexes 
composed of HSV-derived peptides and MHC class II 
proteins. (Schmid, D.s. and Rouse, B.T., The mi» n, T 

fi»iU HTOiTHry tP copfrm of hem., m ^ pi _ Ia . 

Herpes Simplex vjrup- Pachoc^m^, i m ,.nh^ 
fifiUSBL, B.T. Rouse, ed. (Berlin: Springer- Verlag) pp 57 
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74 (1992)). Furthermore, it has been found that human 
fibroblasts that are infected with HSV are not recognized 
and killed by HSV- specific CD8 + lymphocytes, but are 
killed by non-specific natural killer (NK) cells, which 
are not dependent on MHC class I complexes for 
recognition (Posavad, CM. and Rosenthal, K.L. , Heroes. 

Wl«x vim-Infect h„ m »n f ihroh , ag , g 

and antnhn rytptpyir T - lymphs- r „ M ..^ r ^ virol 
66:6264-6272(1992)). These findings suggest that 
recognition by CD8. T lymphocytes is inhibited in human 
HSV infections. 

Exactly what mechanism, what genes and what 
proteins might be involved in HSV's ability to suppress 
immune recognition has, until discovery of the present 
invention, remained unknown. HSV resistance to T 
lymphocyte recognition was known to occur within 2 to 3 
hours of infection, ^, but MHC class I expression on 
the surface of HSV- infected cells was not observed to be 
markedly reduced until 14-20 hours after infection 
(Carter, v.c, Jennings, S.R., Rice, P.l. . and Tevethia, 
jaMMinw or a npmps simpl ex virus tvoe 2-encc 




■ SimPleX Virus- <>.f.rr. H carq(at . „ 

s gmpley vi niF ,. SPf rifir rvrnrnxir T i^ k^ j 

Vxrol. 49:766-771 (1984)). Furthermore, other cell- to- 
cell propagated inactivation mechanisms have also been 
obse^ (York, I., and Johnson. D.C.. Direct 
»lth hPrpps simpW vir^-infp^ r „ mi1t . ^ 

i nhibition of lYBphoMn^rrWH iHiw ~o , - r 

The genome of herpes simplex virus type 1 is 
encoded on a linear, double- stranded DNA of about 152 
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kilobases. The HSV-i genome has been completely 
sequenced. .Ss&s. McGeoch, D. , M. A. Dalrymple, A.J. 
Davison, A. Dolan, M.C. Frame, D. McNab, L.J. Perry, J E 

Scott and P. Taylor, The CornnlPfP dka ..^ - ^ ^ ' 

,egion in mm c,*^ ^ ^„ 
2ffifi_l, J. Gen. Virol. 69: 1531-1574 (1988). The genome 
codes for about 76 proteins, many of which have been 
named according to when in the infectious cycle they are 
produced. The protein sequences for all of the HSV-i 
proteins are known, having been deduced from their 
corresponding gene sequences. Furthermore, many years of 
research has resulted in the identification of the 
function for many of these proteins. Nevertheless, there 
are still a number of proteins encoded by the HSV-i 
genome that have no known function. 

One of the proteins whose function has remained 
unknown is the immediate- early protein ICP47. Various 
researchers have given this protein other names, 
including IE12, Vmwl2. and IBS . The gene for this 
protein is known as US 12, and is also known as « 47 . The 
coding region of the US 12 gene is 264 base pairs long, 
which means that the ICP47 protein is 88 amino acids 
long. Although ICP47 is observed to migrate in gel 
electrophoresis as a protein of about 12,000 daltons. the 
molecular weight, as calculated from its amino acid 
sequence, is 9792 daltons (McGeoch, D.J. , Dolan A 
Donald, ... and Rixon, F.J. , Seguen „ 
content of tha ghorr. i ^ r ■ 

fl£ hgrp^ sijnp^ vims rypn 1 t j. Mol . Biol 181 .,., a 

(1985) ) . ' " LJ 

Various researchers have previously attempted 
to discern the function of ICP47, but prior to the 
present invention, without success. Deletion of the US 
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12 gene has been found to have no effect on infectivity 
(Mavromara-Nazos, P., Ackermann, M. , and Roizman, B 

flBUl" J. Virol. 60:807^812 1 (1986)) ' .^dTh^moltZclZ 
reported effort to determine the function of ICP47 
concluded that the US 12 gene plays "no important role in 
the establishment and/or reactivation from latency" 

(Nishiyama, y • • 

T] 



Kurachi, R. , Daikoku, T. . and Umene, K. , 




lnroorT^,, ^ ror irp nem ^ 
l atency in mir* , Virology 194:419-423 (1993)). 

Herpes Simplex Virus type 1 is but one member 
of an extended family of viruses. HSV type 2 is a close 
relative; its genome is -collinear" with that of HSV type 
1, with "reasonable, but not identical, matching of basT 
hu^T; (Whitle ^^«"«). Other members of the 
human herpesvirus family include cytomegalovirus, 
varxceiia- zoster virus, herpes virus 6, herpes virus 7, 
and E*>stein-Barr virus. There are also more than 50 
herpesviruses that infect more than 30 other animal 
species , including some that infect humans 

Herpes Simplex Virus Type 2 has a gene that 
corresponds to the HSV Type i us 12 gene, it maps in the 
same genomic location, and produces a protein that 
migrates as a 12,300 dalton protein on gel 

ICP4 C 7 r °^ re f S ' WhlCh " Similar C ° the °* 
ICP47 (Marsden, H.S., L ang, j. , Davison , ^ 

R.G., and MacDonald, d.m. . Genomic ^ |f 

ie H5V rmmediare-fia^h 

12., J. Gen. Virol. 62:17-27 (iQQ?n » i. 
rhaefl ^ (198 2)). We have compared 

n T SeqUen « s ' — »«• *«er»ined t nac che Herpes 
3lmpleX Vlrus 1 a-* 2 ICP47 proteins are 4S* 
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identical at the amino acid level, and 60% homologous 
when one allows substitution of similar amino acids. 

Varicella -Zoster Virus does not appear to have 
a gene corresponding to US 12 (Davison, A.J. , and D J 
McGeoch ' WHtAoiMry Comparison of ^ c c^ .'^ 



Qd Va 



Zoster Vims , J. Gen. Virol. 67:597-611 (1986)), and the 
pseudorabies virus does not appear to contain a sequence 
corresponding to US 12 in the region encoding genes 
corresponding to other "unique stretch" (US) genes 
(Zhang, G. , and D.P. Leader, The stmr,-,^ ^ 

PSgudprahlPc, Virus Qpnome at ,-ho ^ of ^ T f 

Eepeax .SPq^enpep Proyi^T tp thP Jtmrri.on wSrh ^ 
Iftuque FPqiPTi , J. Gen. Virol. 71:2433-2441 (1990)) 
However, it is unclear whether the many other 
herpesviruses contain such genes. 

ADVANTAGES AND STTMpffl py OP tup T», mW T T 

It is an object of the present invention to 
provxde a method for introducing into cells an isolated 
gene or other protein coding nucleic acid sequence the 
expression of which will at least partially interfere 
with one or more mechanism involved in specific 
recognition by T lymphocytes. 

It is also an object of the present invention 
to provide a method for introducing into a virus an 
isolated gene or other protein coding nucleic acid 
sequence, the expression of which will reduce immune 
responses to the virus so that immune suppression or 
destruction of virus infected cells is reduced or 
delayed. 

It is also an object of the present invention 
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to provide a method for introducing into cells a protean 
that will at least partially interfere with one or more 
mechanism involved in specific recognition by T 
lymphocytes. 

It is a further object of the present invention 
to provide a method of introducing into virus -infected 
cells a protein that will enable the virus to persist by 
at least partially avoiding recognition by T lymphocytes. 

It is another object of the present invention 
to provide a new element for a gene therapy vector, and 
to provide an improved gene therapy vector. 

It is also an object of the present invention 
to provxde a method for the treatment of herpesvirus 

15 rT CZi T S C ° Pr ° Vide 3 meCh ° d f ° r the elimination of 
■•■a latent herpesviruses. 

It is also an object of the present invention 
to provide a method for identifying drugs useful in the 
treatment of herpesvirus infections, and to provide drugs 
identified thereby. 3 
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An additional object of the present invention 
is to provide a method to suppress T lymphocyte -mediated 
organ or tissue transplant rejection. 

Yet another object of the present invention is 
to provide a method for the treatment of T lymphocyte 
*s mediated autoimmune diseases. 

Sti11 "other object of the present invention 
is to provide a method for the treatment of diabetes 

Another object of the present invention is to 
provide a method for the treatment of multiple sclerosis 
Yet another object of the present invention is 
to provide a method for the treatment of arthritis 

Another object of the invention is to provide a 
method for the prevention of tissue damage that L curs as 
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a result of immune responses to ocular herpes infections . 

According to an embodiment of the invention, a 
method for improving the infective persistence of a virus 
is described. This method comprises introducing into the 
5 viral genome an isolated nucleotide sequence encoding a 
protein selected from the group of ICP47 of HSV type i. 
IE 12 of HSV type 2, proteins that are more than 40% 
homologous to ICP47 of HSV-i, and fragments of any of the 
foregoing that are able to improve said infective 
10 persistence. 

According to another embodiment of the 
invention, a vector element able to suppress cell 
recognition by cytotoxic T lymphocytes by vector- infected 
cells is realized that comprises an isolated nucleotide 
sequence encoding a protein selected from the group of 
ICP47 of HSV type 1, IE 12 of HSV type 2, proteins that 
are more than 40% homologous to ICP47 of HSV-i, and 
fragments of any of the foregoing that are able to 
suppress said recognition. 

According to yet another embodiment of the 
invention, a vector element able to suppress cell 
recognition by cytotoxic T lymphocytes by vector- infected 
cells is realized, which comprises an isolated nucleotide 
sequence selected from the group of the US 12 gene from 
HSV Type 1, the HSV Type 2 gene encoding the IE 12 
protein, nucleic acid sequences that are more than 40% 
homologous to the Herpes Simplex Virus Type l US 12 gene 
and fragments of any of the foregoing that are able to 
supress said recognition. 

According to yet another embodiment of the 
invention, a vector element is realized that comprises 
the 7l4bp Nrul - Xhol fragment of pRHP6, including part 
of the first exon, the intron. and the entire coding 
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sequences of ICP47. 

According to another embodiment of the 

invention, an adenovirus vector is realized, comprising 
an adenovirus having the identifying characteristics of 
AdICP47-l. 

According to yet another embodiment of the 
invention, a method for inhibiting cell recognition by 
cytotoxic T lymphocytes is described, comprising 
introducing into cells an isolated nucleotide sequence 
encoding a protein selected from the group of ICP47 of 
HSV type x, IE 12 of m Cype ^ ^ ^ ^ 

than 40% homologous to ICP47 of HSV-i, and fragments of 
any of the foregoing that are able to inhibit said 
recognition. 

According to another embodiment of the 
invention, a method for inhibiting cell recognition by 
cytotoxic T lymphocytes is described which comprises 
introducing into infected cells an isolated protein 
selected from the group of ICP47 of HSV type x, ie 12 of 

Zl x^LV' Pr ° CeinS that m ° re than 40% homologous to 
the ICP47 protein of HSV-x. and fragments of any of the 

foregoing that are able to inhibit said recognition 

According to yet another embodiment of the 
invention, a method for the treatment of herpesvirus 
infections is provided, which comprises the introduction 
2Z C6llS ° f 3 nUCleotid * -*-nce that is 

se^dT 17 \° ^ 6aCOdin9 a 

I 6 !! T" 9r ° UP ° f 1CP4? Gf « W l. IE 12 of 

Zl^ of LT teinS ChaC ^ ^ than 4 ° % to 
of the 1 ' ^ bi ° lo ^^y *«-e fragments of any 

of the foregoing, wherein the compli m entary portion of 
said nucleotide sequence is of sufficient length to 
inhibit the translation of said mRNA and thereby inhibit 
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the production of said protein. 

According to still another embodiment of the 
invention, a method for the treatment of herpesvirus 
infection, is provided, which comprises the introduction 
into infected cells of an antibody specific for a protein 
selected from the group of ICP47 of HSV type 1 IE 12 of 
HSV type 2, proteins that are more than 40% homologous to 
ICP47 of HSV.i, and antigenic fragments of any of the 
foregoing . 

According to yet another embodiment of the 
present invention, a method for identifying drugs useful 
m treating herpesvirus infections is provided, which 
comprises establishing a model cell system that expresses 
a protem that is selected from the group of ICP47 of HSV 
type I. ie 12 of HSV type 2. proteins more than 40% 
homologous to ICP47, and fragments of any of the 

l f rLT in l that eXhibit fUnctional characteristics of 
ICP47; adding amounts of candidate compounds to samples 
of said model cells; and testing said samples for a trait 
different from that observed in samples to which no such 
compound has been added, said trait being selected from 
the group of suppressed synthesis of the ICP47 homology 
greased mhc class I protein processing, and increase" ' 

According to a further embodiment of the 
invention, a method is provided for the prevention a** 
treatment of autoimmune diseases, which comprises 

lllrtT* 9 int ° " PaC±ent ' S C6llS 3 bi °*°l*-le selected . 
from the group of an isolated nucleotide sequence 
encoding ICP47 of HSV type 1, an isolated nucleotide 
sequence encoding IE i2 of HSV type 2, isolated 
nucleotide sequences encoding proteins that are more than 
40% homologous to ICP47 of HSV-!, the protein ICP47 the 
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protein IE 12, proteins that are more than 4 0% homologous 
to ICP47, and therapeutically effective fragments of any 
of the foregoing. 

Another embodiment of the invention provides a 
method for the prevention and treatment of tissue and 
organ transplant rejection, comprising introducing into 
the cells of said tissue or organ a biomolecule selected 
from the group of an isolated nucleotide sequence 
encoding ICP47 of HSV type 1, an isolated nucleotide 
sequence encoding IE 12 of HSV type 2, isolated 
nucleotide sequences encoding proteins that are more than 
40* homologous to ICP47 of HSV-i, the protein ICP47 the 
protein IE 12, proteins that are more than 40% homologous 
to ICP47, and therapeutically effective fragments of any 
" of the foregoing. 

Still another embodiment of the present 
invention is a method for the prevention and treatment of 
diabetes, which comprises introducing into the cells of a 
patient a biomolecule selected from the group of an 
isolated nucleotide sequence encoding ICP47 of HSV type 
1. an isolated nucleotide sequence encoding IE 12 of HSV 
type 2, isolated nucleotide sequences encoding proteins 
that are more than 40% homologous to ICP47 of HSV-i the 
protein ICP47, the protein IE 12, proteins that are more 
than 40% homologous to ICP47, and therapeutically 
effective fragments of any of the foregoing. 

A further embodiment of the present invention 
is a method for the prevention and treatment of multiple 
sclerosis, comprising introducing into the cells of a 
patient a biomolecule selected from the group of an 
isolated nucleotide sequence encoding ICP4 7 of HSV type 
1. an isolated nucleotide sequence encoding IE 12 of HSV 
type 2. isolated nucleotide sequences encoding proteins 
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that are more than 40% homologous to ICP47 of HSV-i the 
protein ICP47, the protein IE 12, proteins that are'more 
than 40% homologous to ICP47. and therapeutically 
effective fragments of any of the foregoing. 

An additional embodiment of the invention is a 
method for the prevention and treatment of arthritis 
comprising introducing into the cells of a patient a 
biomolecule selected from the group of an isolated 
nucleotide sequence encoding ICP47 of HSV type 1 an 
isolated nucleotide sequence encoding IE 12 of HSV type 
2 isolated nucleotide sequences encoding proteins that' 
are more than 40% homologous to ICP47 of HSV-i the 

than 40% homologous to ICP47, and therapeutically 
effective fragments of any of the foregoing 

a met* „ Z^""* of the Fr—nt invention is 

a method for reducing immune reactions in ocular 
herpesvirus infections, comprising introducing into the 
ocular tissues of a patient a biomolecule selected from 

ICP47T W , 0 v " iSOlaCSd nUCle ° tide -«nc encoding 
ICP47 of HSV type 1. an isolaCed nucleotide sequea J 

encoding IE 12 of HSV type 2. isolated nucleotide 
sequences encoding proteins that are more than 40% 
homologous to ICP47 of HSV-i, the protein 1CP47> 

^icp^ 1 ' ^ r t6inS thaC " e m ° re ^ 4 °* *-*«"™ 
to ICP47, and therapeutically effective 

of the foregoing. effective fragments of any 

BRIEF PBSrpiPTTnw nv pp^ r^g 

HSV , ■ 1(A> iS 3 diagram ° f the recombinant 

HSV-i virus denoted F-US5MHC; 

Figure KB) is an autoradiogram of 
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electrophoretically separated 35 S cysceine- labeled 
proteins that were expressed by uninfected Daudi cells, 
Daudi cells infected with recombinant F-US5MHC, and Daudi 
cells infected with wild-type strain HSV-i(F), and which 
5 were purified by immune precipitation with rabbit anti- 

peptide 8 (a-p8) antiserum and rabbit anti-P2-m antiserum 
(«-P2-m) ; 

Figure 2 shows results of HSV-i- specific 
cytotoxic T lymphocyte lysis assays on (A) mouse 
10 fibrosarcoma (MC57) cells, (B) murine SVBALB cells, or 
(C) normal human fibroblasts (gwfb) , each having first 
been infected with wild type HSV-1 (F) . control virus F- 
US5S, or F-US5MHC; 

Figure 3 shows autoradiograms of 
electrophoretically separated products from pulse -chase 
experiments where (A) MHC class 1 a chain proteins, (B) 
HSV-l or HSV-2 glycoprotein D (gD) , and (C) the 
transferrin receptor were immunoprecipitated using 
monoclonal antibodies, and samples either were or were 
not treated with endoglycosidase H digestion prior to 
electrophoresis; 

Figure 4 shows electrophoretic and quantitative 
results of pulse chase experiments in which MHC class I 
products of uninfected cells and cells infected with an 
HSV-l mutant lacking the virion host shut -off gene were 
detected with two antibodies, W6/32, which recognizes 
only properly folded MHC class I proteins, and HC10, 
which recognizes both properly folded and misf olded'ones; 

Figure 5 shows the autoradiograms obtained 
after electrophoresis of immunoprecipitated, pulsed and 
chased MHC class I a chain proteins, both with and 
without prior endoglycosidase H digestion, from cells 
that were infected with either HSV-2 strain 333 or a 
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, ' T 9 Viri ° n - hosC ff function, or were 

alternatively infected with those same viruses after they 

were transcriptionally inactivated by irradiation with 
ultraviolet light; 

5 • Figure 6 shows the autoradiograms obtained 

after electrophoresis of immunoprecipitated, pulsed and 
chased MHC class I « chain proteins, both with and 
without endoglycosidase H digestion, from cells infected 

with wild-type (KOS) HSV-1, and with HSV-1 ^ . ! 
io -a . ^ . ' iua a&v-i mutants each 

drtKCiv. in their abiiity to express a sincie 9 ene 
either the virion host shut-orf gene or one of- the 

1 x«T i T edi " e Sarly Pr0 " iM »». ™° 

# ICP27, and ICP47; * 

15 adeno • Fi9Ure ?(A) ±S a dlagram ° f the recombinant 
adenovirus vector designated AdICP47-i; 

^ • . FigUrS 7 (B) Sh ° WS the el ectro P horesis pattern 
obtained when an ICP4 7 -specific antibody was used to 
Precipitate radiolabeled proteins produced by cells 

- ZlttlT.^ Wild ' tyPe ^ ° r Wlth — sector 

after , Fl3Ure 7 Sh ° WS thS ^^ogra^s obtained 

cnas e d e ^ c Ctr r 0r T eSiS ° f pulsed and 

chased MHC class I * chain proteins, both with and 

25 ft™ end09l y C0Sidas * H digestion, from human 

LicP4 7 r celis infected with wiid - type , 

AdICP47.i, or AddlEl (which does not express 1CP47) . 

Figure 6 shows the results of human 
cytomegalovirus-specific cytotoxic T lymphocyte lysis 

30 ::zir*r h m fibrobiast ceiis ^ — 

infected with human cytomegalovirus (CMV) , or were 
bT^andt ^T' 1 ^ ^ f ° ll0Wed bV iafe « i - 
fibroblast cells that were subsequently infected by CMV 



19 



BNSDOCID <WO 9515384A1 J_> 



WO 95/15384 



PCT/CA94/00657 



PETAILED DRSPRTPTTON OF Tra PP.rr ^ mTMPOT c 

It is important to an understanding of the 
present invention to note that all technical and 
scientific terms used anywhere herein, unless otherwise 
defined, are intended to have the same meaning as 
commonly understood by one of ordinary .kill in the art- 
that techniques employed herein are also those that are' 
known to one of ordinary .kin in the art, unless stated 
otherwise; and that publications mentioned herein are 
incorporated by reference. 

It is also important to note that reference to 
particular DNA fragments, genes, cDNAs, mRNAs 
complementary strands, protein expression products and 
the like, or to some subset of such related materials 
(e.g., reference to DNA, where other related materials 
are not specifically listed) is not intended to be 
limiting, but should be read to include all SUC h related 
materials that one of ordinary skill in the art would 
recognize as being of interest or value in the particular 
context in which that discussion is presented, it is 
often possible to produce or procure a biomolecule that 
is structurally related to or derived from a stated 
material, and to Use that biomolecule in a different but 
known procedure to achieve the same goals as those to 
which a the use of a suggested method, material or 
composition is directed. For example, it is often 
possible to use RNA instead of DNA to carry genetic 
information, it is also possible to use certain nucleic 
acid analogues in such applications. All such 



WO 95/15384 

PCT/CA94/00€57 



10 



IS 



20 



25 



30 



IZITT "* " 0dlf « «i^in che 

scope of the present invention. 

antih^- ^ Sh ° Uld alS ° ^ n ° ted £hat references to 

ZIT* 10ClUde b ° th — —clonal 

clt IT' and / 1S ° inClUdS SegUences ° f «»cl.ic acid 
that blnd specifically to parcicular prote 

interest, which nucleic acids are referred to . , 
acid antibodies- (Gold l » , . terx * d to as "nucleic 
» , . IGold, L. , Nuclei r a 7 j d T ,-i qa ^^ prT 

Application No. wo 91/13813 . luwl^^f^ 

nucleic aci R L £erenCe " 1 de9ree ° f h0m ° 10 ^ "™-« ' ,. 

acid oas. s \ I:! 0 "': 5 ^ ^ °' « 

ch. . " etat are l0 «tea identically in 
the sequences bein 9 compared as i. , , n " ca "l' ln 

* chose o, ordinal 

c^e similar amino acids should he allo^Id 
ZlllT, J" 6 "' all0 " iD9 "ids co he 

h? is i i : r £ :ro another ' - my =iuonic ««• 

^atiLucea for one another etr afr - 
- eUhe r case. aUhouoh ^sT^l^r"' 

e?^l £ r o ? h y ' e ; 9 - 4 "' **> •» » -elude 

nucleic Jl , "* ^ 1004 of 

nro«i„« " UenCeS enC ° din9 1CP47 « homologous 

l= e rj: d ! n : h endedc ° 4— « 

ihten^d r , c ^r: 0 e r e such pr °" ins ' - is 

w i . J-aaucea to the sequences derived from 

In addition, when homologues of ICP47 are 

^°:; i it 15 ™ this he li^teTto 

those homologues that occur in nature; as is teown to 
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those skilled in the art, by using modem molecular 
biological techniques of site-directed mutagenesis, 
vector expression and the like, it is possible to produce 
new polypeptides, and the nucleic acid sequences that 
encode them, that are homologous to ICP47 and its coding 
sequence to various levels and in tremendously varied 
specific ways, it is intended that such constructs, as 
well as the homologues that occur in nature, be included 
within the scope of this invention. 

It should furthermore be understood that the 
scope of the present invention is not limited to full- 
length sequences of each of the nucleic acid and amino 
acid sequences described. As is well understood by those 
skilled in the art. it is often possible to prepare 
subfragments of those sequences, and for those 
subfragments, even small ones, to retain some or all of 
the biological activity of the full-length sequences 
Such subfragments are included within the scope of this 
invention . 

The terms -virus" and -vector-. as used herein 
are not intended to be mutually exclusive; to the 
contrary, they overlap considerably, a vector often is 
properly termed a virus, as that term is commonly 
understood. A vector often is simply a virus that has 
had a genetic element added, and both the term virus and 
the term vector would properly apply. However, a vector 
may have a form other than that of a virus, m addition 
it is not intended that the term virus only mean 
repUcating virus particles; the term is intended, for 
example, to include non- replicating virus particles 
portions of viruses, and bacterial plasmids. 

The term "heavy chain" is equivalent to the 
term "MHC class I a-chains"; H-2K> is a specific heavy 
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Experjnyapf =, i procerinrcc 

Cells and Viruses 

type and ^ ° C tyPM USea " ere ° £ a 

Sl'e^lH ° C — rsU11 » some cells used 

"ere obtains commercially, and others were obtained from 
various laboratories. The types of cells used. chTnL 
commercial sources from which they were obtained (t f 

.« iistd^oT re£erenCSS lD " M=h « 
Vero (African Green Monkey kidney) cells- 
R-970-5 human osteosarcoma cells (Rhim. j. S ., cho. 

M tod by n^ ri .e , arOT M ^ ^ ^ 
l5:23-2 9 (i 97 5,)„ were obtained from K. Huebner and 
- MCS?7^° f ^ WiSCar laStitUte ' Philadelphia, Pa.; 

S , Th 8 ', ^ f4te ~"— cells of 
the h-2 haplotype (Zinkemagel, r.m. . Adler, a., and 
Holland, j.j. cell-m^-^ itHmm ^ 

46:53-70 (i 9 7 8 , , were obtained from M. Buchmeier of 
the Scnpps institute, La Jolla, CA; 
B6/WT-3 cells, which are mouse cells of the H-2" 
haplotype (Pretell, j. , Greenfield, R.s.. ^ 

evethia, S.S., Biology of si , miar , V< ^, B r 
transElaniation antiopn ( t Act) . v T r „., rn 

740 T fig ^ g Vlf 
tussive p ousp P an p by ^ _ 

CYtQCpxicirv Virology 9 7T3 2 - 41 ( 1979 n "were 

obtained from s. Tevethia at the University of 
Pennsylvania, Hershey, Penn. ; 
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SVBALB cells, which are mouse cells of the H-2K" 
haplotype (Gooding, L.R., Specif. ± C j m » s of 
by T lymphnryr-g qenerarprl aoainsr *Y Y iae n *in c^n 
pransformanr^- sntdjes ernnl ovino rprr» h inanfp 
5 She H-2 complex, j. Immunol. 122:1002-1008 (1979)), 

were obtained from K. Rosenthal at McMaster 
University, Hamilton, Ontario, Canada; 
- Daudi cells, which are EBV- transformed human 

lymphoblastoid cells in which the fi 2 m genes are not 
expressed. (Klein, E. . Klein, G., Nadkarni, j.s., 
Nadkarni, j.j., wigzell, H. , and Clifford, P., 
Surface TqM-frappa specificity nn a 
cell W vivo and in derived eel 1 Cancer Reg 

28:1300-1310 (1968)); 
15 - 293 cells, (Graham, F.L. , Smiley, j., Russell, W.C., 

and Nairn, R., Characteri sri c« nf a h,^- gpn 11 nf ' 
pransformert bv DNA from human a ^ n ovir» g g n M » ^ 
Gen. Virol. 36:59-74 (1977)); 

Normal human fibroblasts denoted gwfb, derived from 
a skin biopsy (used between passages 10 - 20) EBV- 
transformed lymphoblastoid cell lines, obtained from 
K. Rosenthal of McMaster University, Hamilton. 
Ontario, Canada; 

The human CD8 + CTL clone, MR-16E6, which is specific 
for human cytomegalovirus (HCMV) phosphoprotein £5, 
was isolated and propagated as previously described 
(R^ddell, S.R. and Greenberg, p.„. f The „„. n rr <. 
gD3 mpnoclpnal anri bodies T * n lonf > a „ H ^, pi 
- n antigen-Rperlfic T rp11q < j, laamolm Mechods 

128:189-201 (1990); Riddell, S.R., Watanabe KS 
Goodrich, J.M., Li, C.R.. Agha, M.S.. and Greenberg, 
P * D " Sestoratinn of imm mi r y ^ 
immunodeficienr humans by rhe adonrivo f T 
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cell clpnpp, Science 257: 238-257 (1992)). 

Each of the forgoing cell strains were passaged 
in alpha -minimal essential media (a -MEM) containing 5 to 
10% fetal bovine serum (FBS) , unless otherwise indicated. 

Many of the viruses used were also of a common 
type, and are commercially available. Some viruses used 
were obtained commercially, and others were obtained from 
various laboratories. The types of viruses used, the 
non- commercial sources from which they were obtained (if 
any) , and some key references in which they are described 
are listed below: 

- HSV-l strain F (Ejercito, P.m., Kieff, E.D., and 
Roizman. B., .Characterization nf h arr , s Kiwp ^ r 
virus arraln.. differing ^ ^ r effpr . r m ^ ^ 
behav^ir nf in , fp r rPrt rp 11r , j. G en. Virol. 2-357-64 
(1968)) was obtained from p.q. spear at Northwestern 
University; 

- HSV-l strain KOS (Smith, K.O. , Relation*^ k, r 

the epvPTnpp WTWi rhr s nfef . Mv ^ y ^ h mnmm 

YiEiS, Proc. Soc. Exp. Biol. Med. 115:814-16 (1964)) 
was also obtained from p.g. Spear at Northwestern 
University; 

- HSV-2 strain 333 (Kit, S., Kit, M. , Qavi, H.. 

Trkula, D., and Otsuka. H. , NucleoriHo e^,- f 

£he herpep pimpW vin, fi ryp, , (H fiV.?i f.*^ ***^ 

toW gPriP and prMlrrnrl ami™ nf ^ 

t hmxtm* frinasP PQllTnnr^ ,nH <„, -~ w arisnrt ^ 
. the BSV-T rhymidjnp kinapp q p n p, Biochim. Biophys 

Acta 741:158-170 (1983)) was also obtained from P.G. 

Spear at Northwestern University; 

The HSV-l deletion mutant VhsB, lacking the vhs gene 
UL41 (smibert, C.A. , and Smiley, J.R., Diff^^ 
regulation of «nrtngenoii« ^ * ransrt „ rp „ ft-^ ^ 1n 
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^ne? (taring infprrinn nf p^h^ ^ , 

herpes simnlPx rvn S , „ ^ n ^ r virol 

64:3882-94 (1990)) was obtained from J.Smiley at 
McMaster University, Hamilton, Ontario, Canada- 
The HSV-2 mutant lacking the vhs gene (Smibert'and 
Snaley, unpublished) was also obtained from J.Smiley 
at McMaster University, Hamilton, Ontario, Canada- 
The IC P0 deletion mutant, d2x3.i, (Sacks, „.*. , and 
Schaffer, P.A.. Deletion ,, Trp ^, ir> 

e. arly prorPin X CP0 erhihir innJ^J 

^re. J. Virol. 61:829-839 (1987,) was obtained 
from P. schaffer at the Dana-Parber Institute 
Boston, MA; 

The ICP22 deletion mutant. R325-ST \ (Sears a E 
I.W. Halliburton. B. Meignier, S. Silver, and B 
Roxzman Herpes simp! p Y ^ , m , r ^ ^ 

f^" 1 ^ * nd ™"-nrMv» rm 1s anrf n f 

latPnf " Y 1n mir ° - J " Virol. 55:338-346 (1985), was 
obtained from B. Roizman at the University of 
Chicago; 

The ICPS deletion mucanc, ICP6„, (GoKUtein. D.J 
TZtT/'"- *" 'ir-m inn j,',, 

ype - ^ reqinrpft for- im arnwr .. 

and PNA synrhPCT i^, j. virol. 62:2970-2977 (l 988 )) 
was supplied by s. Weller of the University of 
Connecticut, Parmington, CT- 

i nverted rpp^rs jn rb , 9 m^n Llr J^ ri 
aunolejr vim* fypn , , ^ Gen g? ^ 
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1048 (1986)) was obtained from K. Umene at the 
Kyushu University, Fukuoka, Japan; 
- The HSV-l ICP4- mutant, dl20, was propagated on 
complementing ES cells (DeLuca, N.A. , McCarthy, 
A.M., and Schaffer, P. A., Isolation * v * 
characr.Prirarinn of np-inr-,- o n nf ^r pr-, 

. simplex vir,,, rvp P i, j n rh „ ctphp m eM »n 7 -i^,-^ 
. early rpgmatory protPjn Try* , j. Virol. 56:558-570 
(1985)), and was obtained from P. Schaffer at the 
Dana-Farber Institute, Boston, MA; 
- The HSV-l ICP27 deletion mutant, 5dli. 2 , was 
propagated on complementing 3-3 cells (McCarthy 
A.M., McMahan, L. , and Schaffer, P.a. , Herpgs 
Simply vims rypp x T rw *-,-^ on m „.„. ~- Mh1r 
a Atered parrPrns of tr a n^ r . ion awri aT . Q 
flfif icienr , j. V irol. 63:18-27 (1989)) was also 
obtained from P. Schaffer at the Dana-Farber 
Institute, Boston, MA; 
- The HSV-i gD" mutant F-US6kan was grown on 

complementing VD60 cells (Ligas, M.W., and Johnson, 
D ' C ' A herpps simolpy vir, rs m „ ranr ^ 
qlycopmrPin n aPm.Pnroc J rs rffp1a „ B ,, Ky ? 
g alactppiriasP sPouencP^ hi r „ s to w Se unah1 0 f „ 
penetrarP inrn rp1 1 rT , j. virol . 62:1486-94 (1988)). 
Unless otherwise specified, and all the 
foregoing viruses were propagated and titered on Vero 
cells. 

Plasmids, viral DNA and Vectors 

Many of the plasmids used were of a common 
type, and are commercially available. Some plasmids used 
were obtained commercially, and others were obtained from 
varxous laboratories. These plasmids, the non- commercial 
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sources from which they were obtained (if any) , and some 
key references in which they are described are listed 
below: 

- Plasmid pTK173 f containing the HSV-l thymidine 
kinase gene (Smiley, J.R., Swan , h. , Pater, M.M. , 
Pater, A., and Halpern, M.E., Positive r^^i 
the herpes simpler ,r irua rh n1f11n e ^„ saa ^ 
requires ups r .ream nffft ^ 1 ffl rn r , j. virol. 47:301- 
310 (1983)) was obtained from J.Smiley at McMaster 
University, Hamilton, Ontario, Canada; 
- Plasmid pD6p, containing a lacZ gene cassette under 
control of the HSV-i ic P6 promoter (Goldstein, D.J 

Wfffd fn ^^nn^r-,rn th»f ^^ tt^ c , a ^ n€ 



vi , . . „ , _ 

3TV3 



flnd Pm svnrhPc iS t J . Virol. 62:2970-2977 (1988)) 
was obtained from s. Weller of the Univeristy of 
Connecticut, Farmington, CT; 

Plasmid pcKb, containing a EcoRI fragment including 
the murine H-2K b gene inserted into plasmid P UC19 
(Schfinrich, G. , Kalinke, u. , Momburg, F. , Mali sse n, 

' S ^"-Verhulst, a.m., Mallissen, B 
Hammeriing, G.J., and Arnold, B., Do-.^.h^ 
L C«» rereprprs on -if .m-rtiv* T p , . ^ 

mechanism for extrarhymir rnl era n^ n CeU 

65:293-304 (1991), was obtained from W. Jefferies'at 
the University of British Columbia, Vancouver 
British Columbia; 

Plasmid pVcS2 , containing the "a" allelle of murine 
^-microglobulin gene under the control of the SV40 
promoter (Daniel, F. , Morello, D., Le Bail, o 
Chambon. P., cayre, Y. , and Kourilsky, P. , S^ur* 
and expression of mn ,„. n g,.^ lrnr 
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isolated , from somatic and n^. exnr „ B ;g H T , q 
£eratQc^r r i.npma p^np , EMBO J. 2:1061-1065 (1983)) 
was also obtained from W. Jefferies at the 
University of British Columbia; 

Plasmid pRHPS, containing ICP4 and ICP47 sequences 
fromHSV-KKOS) (Perrson, r.h. , Bacchetti, s. f and 
smiley, j.r. , Cells that ron^M^-u,^ y natBT ^,. ^ 
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genes j n trans , j. virol. 54:414-421 (1985)) was 
obtained from S. Bacchetti at McMaster University- 
Hamilton, Ontario, Canada; ' 
Plasmid PS 456 ( which contains a BamHI-Mscl fragment 
derived from plasmid P SS17 (Johnson, d.c, Frame 
M.C., Ligas, M.W. , Cross, A.M. , and Stove, n.D.,' 

Lex v AyUf i inrnrmogl nbul jn r, v~ pr ^ r 

a ct^vi r ,y rlpppnris on a n^i., Qf rw , 

gj ycQprorrins, g E aT1d gI < J# virol> 61s2208 . 22 

(1988)); . 

HSV-l go. mutant F-US6KAN (Smiley, j.r., Pong B 
and Leung, w.-c. Construction of . ^ Q 
^HZlTllZ vir " *™ ra ^-'I^ <n VWo , - F rnr r 

ggpeatff prnmope dplpr1nnff < virology 113:345-362 
(1981)). 

Still other plasmids, viral DMA and vectors 
used in the experiments described herein were produced by 
recombinant DNA techniques that are well known in the art 
(Sambrook, j., PritS ch, E.F., and Maniatis, t., M^ular 

frlZ^^lT 0 ^^ Mln " fl1 ' M " C ° Id S **™S Harbor 
Press, 1989), and were prepared as follows: 

To construct the recombinant HSV-i expressing 
murine MHC class I proteins, the 2.2 kb BamHI - Nru i 
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fragment from pVc£2 containing the ^-microglobulin gene 
was subclone* adjacent to the thymidine kinase promoter 
from pTK173 and the 1.2kb Sail - PvuII fragment of pcKb 
containing the murine H-2K b gene was placed under the 
control of the ICP6 promoter from pD6p . These S2- 
microglobulin/TK and H-2*/ICP6 genes were then inserted 
into a unique Nrul site in the US 5 gene of pS456 
producing pSSMHC. pSSgal was produced by insertion of 
the 4.7 kb BamHl fragment containing the ICP6::Iacz 
cassette from p D6p into the Nrul site in pS456. 

Infectious viral DNA was prepared from Vero 
cells infected with the HSV-i gD - mutant F-US6KAN Vero 
cells were co- transf ected with F-US6KAN DNA and either 
Plasmid pSSMHC or pSBgal, producing the viral 
recombinants F-US5MHC or F-USSS, respectively as 
previously described (Johnson, D.C., and Feenstra v 
Iden^ifirarion of a hovpI hem.. M vi , ng \[ 

i nduced glycoprotein whirh ^Uv.. ...^u qE a „„ K , 
. immunoq lohmin, J. Virol. 61:2208-2216 (1987,) 
Recombinant viruses were repeatedly plaque purified on 
Vero cells, in which parental F-US6KAN cannot replicate 

. T ° C ° nStrUCC an ^enovirus vector expressing 
ICP47, desxgnated AdICP47-i, the 7l4bp Nrul - Xhol 
fragment of P RHP6, including part of the first exon, the 
mtron, and the entire coding sequences of ICP47, was 
inserted into the EcoRV - Sail region of pCA4 (C. Addison 
and F.L. Graham, unpublished), which contains the left 
side of the adenovirus type 5 genome with a deletion 
spanning the El region, into which is inserted the human 
cytomegalovirus (HCMV) immediate early promoter, a 
polylinker, and the SV40 polyadenylation signal, so that 
the ICP47 coding sequences were placed next to the HCMV 
promoter; this produced the plasmid P 47NXE1. P 47NXE1 
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was co-cransfected with plasmid pBHGiO, which contains 
full-length adenovirus 5 sequences but without the 
packaging signal at the leftward side of the AdS genome 
(A. Bett and F.L. Graham, unpublished) into 293 cells 
Recombinant adenoviruses, in which the ICP47/HCMV 
promoter cassette was inserted in the El region and 
containing a deletion in the E3 region, were pi aque 
purified on 293 cells and viral DNA was examined by 
restriction enzyme analysis. 

Similarly, the control adenovirus vector AddlEl 
was constructed by rescuing the plasmid pCA4 with the^ 
Plasmid pJMl7 (McGregory, w.j., Bautista. D.S., and 
Graham, F.L., A simple r*rhni CT ,» » hf r ^„, a ^ . 

reg^pn T imirpsionp inr infpctinn. aritanf ^ ^ 

S. Virology 163:614-617 ( 19 88) ) . The resulting virus 
lacked the same El and E3 sequences as AdICP47-i, but did 
not encode 1CP47 or any other foreign gene. 

ov-inactivatioo of hsv 

20 HSV-2(333) or HSV-2 (333 vhs-> virus stocks 

m PrSPared by SUSpendin 3 verc cells in PBS containing 
1* FBS. sonicating the cells extensively, and 
centrifuging the material at 1000 X g for 10 minutes to 
remove insoluble material. The viruses were then diluted 
in PBS containing 1% FBS to 2 to 3 ml, placed in a 60 mm 
dxsh and subjected to UV light (3 joules/cmVsec using a 
bacteriostatic fluorescent tube) for 2 minutes with 
constant stirring while on ice. UV- inactivated viruses 
were shown to be unable to express any viral proteins by 
^mminoprecipitation and Western blotting; the 333 stock 
retained vhs activity. 

Antib dies 
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Antibodies used, their sources, and key 
references describing them are: 

- - A hybridoma expressing monoclonal antibodies Y3 
which reacts with K-2K b completed with & 2 - 
microglobulin, (Jones. B. , and Janeway, CA Jr 

resEr^f^i , Nature 292:547-549 (1981)' were 

A hybridoma expressing monoclonal antibody W6/32 
ofTZ^! 1 ': r !? rnStable ' C - J " Md Bodmer ' W ' F -< 2S£ 

ttWUtft of TTT. W ^,B, r Llrr^w . imLj^.^. 
349 (1979,), which reacts with HLA-A, B, or C 

IZTcV^ S2 ' miCr09l0bUli - « obtained 

' ^ raiS6d agaiaSC 3 Peptide «~ -on 

8 of H-2K (smxth, M .H. , Parker, j.„.r.. H odges, 

R-S., and Barber, B.H., The nT11 

23:1077-1092 (1986)). which reaccs ^ H . 2Kb 
complex wich . or free of f HI*** 

IZT 7 B - BarbSr ° f of Toronto, 

Toronto, Canada; ' 

Monoclonal antibody HC10, which reacts with unfolded 
human h»-b and c a-chains, and certain HLA a ty^eT 
(Stam. N.J., SpicSf H ^ 

aBtiteaau^^w j 9 ' H - L -' ^saacionai 

~ ^ a:LSea against riPnarurert UT.a.p 1n 

asaB ^ atos "T-n -i 

"""" W *- C """" I ' "'III . J. I^unol U 7=«w- 
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2306 <1986)), was provided by H. Ploegh at the 
Massachusetts Institute of Technology (MIT) in 
Boston, MA; 

A rabbit antiserum raised to human £ 2 m, which cross- 
reacts with mouse S 2 m, was obtained from Dakopatts of 
Copenhagen, Denmark; 
- A rabbit polyclonal antiserum directed against 
peptide corresponding to the C- terminus of ICP47 
(Palfreyman, J.w., MacLean, j. B . , Messeder, E. , and 
Sheppard, R.c. SHCBtppf,,! n«» of 0 u a ^„„ 

in rhn n^ r ^ - f m • 

IZIT7T' Y ^ n r v 1111 1 * w * -in---, i.i. 

J - Gen - Virol. 65:865-874 (1984)) was 
obtained from H. Marsden at the Institute for 
Virology, Glasgow; 

LF2, a monoclonal antibody specific for HSV g D 
(Minson A.C.. Hodgman, T.C.. Digard, P. , Hancock, 
^ Bell s E and Buckmaster, e.a., Aj^a^ 

a^pdj.s q i Yr o prnroiT1 n of h _ 

y^rys and ^nrjfinH ■ „ e am s^ _. r1r||| . 

i teE confer r.sispanr. m n onrm i j j. Gen> 

Virol. 67:1001-1013 (l 98 6), was a gift of A c 
^nson at cambridge Univers . tyj cainbr . dge< Engiaad; 

T56/14, a monoclonal antibody specific for the 
transferrin receptor, was obtained from Oncogene 
Science, Uniondale, ny. 

Radiolatoeling of cells, imaunopreeipitations, and 
endoglycosidase H digestions 

Human fibroblasts or Daudi cells were 
metabolically labeled with "s-methionine and »S-cysteine 
as previously described (Johnson, D.C., and Feenstra, v., 
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JtePEi?i ration of h iiovpT h BT es simR m vlgUH rYpo ^ 
indyceri ql vrnprnrpi n „ rhirh w ^ h ^ ^ w .^ r 

tfPWipqloh^iHn ,. J. Virol. 61:2208-2216 (1987)). Por 
pulse- chase experiments, 100 mm plates of fibroblasts 
were labeled for 20-30 minutes with 100^Ci/ml each of "s- 
methionine and "s-cysteine (Dupont, Dorval, Quebec) then 
cell extracts were made using l% Nonidet P40, 0.5% sodium 
deoxycholate, 50 mM Tris-HCl, ph 7.5. 100 mM NaCl 
(NP40/DOC buffer) containing 2 mg/ml bovine serum albumin 
(BSA) , and i mM phenyl methylsulf onyl fluoride (pulse) or 
cells were washed and incubated in alpha-MEM containing 
l* FBS for 90 minutes then cell extracts were made 
(chase) . 

Immunoprecipitations were carried out as 
described previously . Ce n extracts were stored 

overnight at -70»C and were then clarified by 
centrifugation at 87,000 X g for l hr, then were mixed 
with ascites fluids or serum and incubated on ice for 1 - 
l.S hr. Extracts to be immunoprecipitated with 
monoclonal antibody HC10 were first heated at 70»C for l 
hour to partially denature MHC class I molecules, and 
then the extracts were cooled on ice. This treatment 

wLThcio 'I fraCti ° n ° f ClaSS 1 m0l6CUleS S"^- t ed 
with HC10. Protein A-Sepharose was added and incubated a 

112 11 1 ' 5 " 2 h ° UrS With ai ^' The P-^in A beads 
were collected by centrifugation, washed 3 - 4 times with 
-40/.OC buffer, and proteins were eluted by addi^ one 
volume of 2 X loading buffer (4% SDS, 20% glycerol 4% fi - 
mercaptoethanol and bromophenol blue) to each volume of 
beads and heating the beads at 100'C for 5 - io minutes 
The stability of the MHC class I protein complex was 
determined by first labeling class 1 proteins in 
uninfected or HSV-i (Vhs-B, -infected fibroblasts using 
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S-metnxonine and "S-cysteine (100 uCi/ml) for l hour ~ 
then chasing the label for 30 minutes. Cell extracts 
were made using NP40/DOC buffer containing 5 mg/ml BSA 
and 120 TIU/nd aprotinin, and these extracts weT 
mcubated for i hour or 18 hours on ice and then 
•^precipitated using monoclonal antibodies m/32 or 

Endoglycosidase H (endo H) digestions were 

usL;T d 6XCraCtS C611S "™ « «— labeled 

using a pulse-chase protocol. MHC class I, gD or 

a^r errin reCePt ° rS W6re Palpitated using the 

appropriate antibodies, and proteins were eluted by 
suspending the sables in denaturing buffer (0 5% L i* 
3-mercaptoethanol) and boiling them for xo Jnut es Half 
of each eluted protein sample was treats mnutes - Half 
endo » /»„ „ n P S treated with 1000 U 

«-oh (New England Biolabs. Mississauga. Ontario. 

ours at 37 c. The eluted proteins were then subjected to 

class I proteins and through 8.5% polyacrylamide gels for 
SO and the transferrin receptor. The gelT „. r . 
impregnated with Enlightening (New England Nuclear 

pnol? r* ^ " X " ray f "" ° r — ZZ, a 

phosphorlnager (Molecular DynaMics. Sunnydale. a, 

cytotoxic T Ijnphocyt. lysis assays 

. Cy*™"*^ T Lymphocyte (CTL) lysis assays 
involve nouse cells were performed essentially Is 
previously described (Pfirenaaier. K. , Jung. H 

rhT^;7. '';. A ;- "°"7" oft • M - • — «• 

J ^w»fv T m i ned on of -ntL. JL." ^ ,„ n T 
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j-vmphocvrPs , J. Immunol. 119:939-944 (1977)). Briefly 

CS7BL/6 (H-2K b ) or BALB/c <H-2K d > ■ * 

^ oAU)/c in 2K ; mice were infected with 

1X10 PFU of virus in the hind footpad. After 5 days, the 
nuce were anaesthetized and killed, and popliteal lymph 
nodes were removed and crushed through stainless steel 
mesh. The lymphocytes were cultured for 3 days at 37«C in 
RPMI i 6 40/io* FCS/5xlO->mM *-mercaptoethanol (CTL medium,. 
HSV- infected target cells (l - 2 x 10 > cells in 2QQ ^ 
«MEM> were added to each well of a 96-well plate, the 
cells were labeled with "cr (Hanice, T. , Graham, F.L 

IZlT' K ' L -' ^ JOhnS ° n ' D - C - — - - 

r.comhinanr .rlnnnvprrn^ ^ -. -^- r , " 

vxrol. 65:1177-1186 (1991)), and CTLs were added at 
™s effector:target cell ratios to a total of 200 ml 
CTL medium, and were incubated for 4 hours at 37»C 
hun^ 11 Cyt ° tOXiC T ^hocyte lysis assays involving 

TTs E : w ; w r e performed usins a human *» + ™ 

T 15 SPSCifiC hUman ^—Salovirus 
(HCMV) phosphoprotein 65. Human fibroblasts were 

infected with a recombinant adenovirus vector AdICP47-i 

w°Ith HC^' f f0r " h ° UrS ' th6n ^ * ^ e 

with HO*; for 12 hours. They were then labeled with »Cr 

Tt zit ? cione using ms « 

ratlOS ' and were incubated for 5 hours at 37>c 
The results of the CTL lysis assays were 
determined by removing and counting 100 ,1 frcffl each well 

30 e 1e te L7 erimental rSleaSe lER) ° f 

release (MR) was obtained by counting aliguots after 

treatment with 1 M HC1 . In each case samoles were 

™cur a : r— radiacion councer - T - ai "1— <»> 

was calculated using the equation tr^.^ Non _ 
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specific release (NR) was determined using cells to which 
no effectors had been added. Specific release (SR) was 
calculated using the equation SR= (ER-NR) / (TR-NR) . 

Results and qn vr f„ c i nr o 
Evidence that HSV-induced inhibition of MHC class I 
co»piex presentation is not caused by blocking synthesis 
of MHC proteins, and is species-specific but not MHC 
class 1-specific. 

Previous observations that human CDS- CTL were 
not able to lyse hsv- infected human fibroblasts and other 
normal diploid cells, eg. keratinocytes (Posavad, c M 
and Rosenthal, K.L. , 1992, S^, suggested that these 
cells were not recognized by CTL. To examine this 
further with well -characterized murine CD8*, HSV-specific 
CTL, we constructed a recombinant HSV-i, F-USSMHC, which 
expresses murine MHC (H-2 b ) class I molecules, in this 
construct, the murine H-2K> gene was placed under control 
of the HSV-i ICP6 promoter, and the murine p 2 - 
microglobulin gene was coupled to the HSV-i thymidine 
kinase (tk) promoter; both of these constructs were then 
inserted into the HSV-i US5 (gj, gene, which is not 
required for virus replication. The structure of this 
clone is diagrammed in Figure 1 (A) . We also constructed 
a control virus, F-ussfi, where the HSV- i US5 gene was 
interrupted with the ICPS::IacZ cassette from p D6 p 
(Goldstein and Weller, 1988, Su^, . Expression of thfi 
H-2K and P 2 -microglobulin proteins was then investigated 
by infecting Daudi cells, which do not express p 2 - 
mcroglobulin, with F-US5MHC, with wild type HSV-l strain 

' ° r bY l6aviD9 the cells uninfected (UN) . Three hours 
afteraction the cells were labeled with »S-methionine 
and cysteine for 2 hours, and then cell extracts were 
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made, and the H-2K b a -chain was immune-precipitated using a 
rabbit anti-peptide 8 (a-p8) ; or, the p 2 -microglobulin 
protein was immunoprecipitated using a rabbit anti-p2-m 
antiserum («-p2-m) . The results are shown in Figure 
KB); molecular mass markers are shown on the right. 
Expression of both the H-2 b a- chain and murine S2- 
microglobulin was detected in F-US5MHC- infected human 
Daudi cells, which do not normally express S2- 
microglobulin, but not in Daudi cells infected with wild- 
type HSV type l strain F (lanes marked -F") . Other 
experiments confirmed that the H-2K b «-chain was expressed 
m human fibroblasts and a number of other human cell 
types infected with F-US5MHC. and that this heavy chain 
protein reacted with the anti-H2K b conformation -dependent 
monoclonal antibody Y3 (data not shown) . 

F-US5MHC should in theory render any cell 
susceptible to lysis by murine, H-2 b - restricted CTL. 
Figure 2 shows that when cytotoxic T lymphocytes (CTL) 
derived from C57BL/6 mice (H-2 b ) infected with HSV-KF, 
were used in CTL assays using effector to target ratios 
of 40, 20, or 10:1, mouse fibrosarcoma H-2 b (MC57) target 
cells infected with F-US5MHC were efficiently lysed 
(Figure 2(A)), as were (murine H-2<) SVBALB cells (Figure 
2(B)). However, uninfected (UI) MC57 cells were not 
lysed (Figure 2 (A) ) , nor were uninfected SVBALB cells or 
SVBALB cells infected with wild type HSV-i(F) or infected 
wxth control virus F-USSp. m other experiments, rat 
cells infected with F-US5MHC were also rendered 
susceptible to lysis by H-2 b - restricted CTL (data not 
30 shown), m contrast, normal human fibroblasts (gwfb) 

(Figure 2(C)) and a panel of other human cells (data not 
shown) were not lysed by HSV- S pecif ic. H-2 b -restricted CTL 
after infection with F-US5MHC; nor were uninfected (UI) 
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human normal fibroblasts or fibroblasts infected with P- 
US5P or F-US5MHC. Therefore, these human cells were not 
recognized by mouse cytotoxic T lymphocytes even though 
they expressed mouse MHC class I molecules. Together 
5 these results suggest that the HSV-induced inhibition of 

presentation to CTL is not related to inhibition of MHC 
class I synthesis and may be species-specific, but is not 
MHC class I -specific. 

10 Evidence that MHC class I molecules in HSV-infected cells 
are retained within the ER/cis Golgi compartment 

To further study MHC class I molecules in HSV- 
infected human cells, we used a pulse- chase protocol to 
examine intracellular transport and processing of class I 
-cha in molecules. Normal human fibroblasts «gwfb, were 
left uninfected or were infected with HSV-i(KOS) or HSV- 
2(333) for 3 hr, then labeled with »S-m e thionine and »a- 
cysteine for 30 minutes and lysed (pulse: P, or the label 
was chased for 90 minutes (chase: C) before ly Sis . ^ 
results are shown in Figure 3. In Figure 3(A), MHC class 

« chain proteins were immunoprecipitated using 
monoclonal antibody HC10; in Figure 3(B), HSV-i or hsv-2 
glycoprotein D (g D ) were immunoprecioitated using 
monoclonal antibody LP2 ; and in Figure 3(C), the 
transferrin receptor was immunoprecipitated using the 
monoclonal antibody T56/14. The proteins were eluted 
from protein A beads and digested with endo H < + > or mock 
digested (-, at 37 - c before electrophoresis and " 
autoradiography, m Figure 3 (D) , human fibroblasts were 
5 infected with HSV-i (F) for 0 2 4 s Qr « h 

w ' o, or a hours, were 

then pulse labeled for 30 minutes as in (A), and the 
label was chased for 90 minutes. MHC class I molecules 
were immunoprecipitated with antibody W6/32 and samples 
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were either treated ( + ) or not treated (-) with endo H. 
A molecular mass marker of 45 KDa is indicated on the 
right . 

The results show that Class I molecules 
immunoprecipitated from infected or uninfected cells were 
digested with endoglycosidase H (endo H) , which removes 
high-mannose but not fully processed oligosaccharides, as 
a measure of glycoprotein transit through the medial and 
trans Golgi compartments (Townsend et al, 1989. Supra) 
MHC class I a -chains from uninfected cells became 
resistant to endo H after a 90 minutes chase period 
while class I proteins from cells infected with nsv'-i or 
HSV-2 remained sensitive to endo H (Figure 3A) The 
inhibition of MHC class I transport and processing in 
HSV- infected cells was apparently a specific effect 
rather than a general one, since HSV-i glycoprotein D 
(gD) and the transferrin receptor were efficiently 
processed to become endo H-resistant during the 90 
nunutes chase period (Figure 3B,C) . When cells were 
infected with HSV-i and examined at various times after 
infection, alterations in the processing of MHC class I 
was first observed 2 hours after infection with HSV-i and 
the effect was complete by 4 hours {Figure 3D) As 
expected, mouse H-2K> class I molecules expressed in human 
fibroblasts infected with F-US5MHC also remained in an 
endo H sensitive form, "yet H-2K» and several other mouse 
MHC class I proteins expressed in HSV- infected mouse 
fibroblasts and other mouse cells became endo H resistant 
(data not shown) . These results demonstrate that MHC 
class I complexes are retained in the endoplasmic 
reticuluzn/cis Golgi of human fibroblasts, but not mouse 
cells, soon after infection with either HSV-i or HSV-2. 

It is well established that processing of N - " 
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linfced oligosaccharides occurs in the Golgi apparatus as 
Glycoproteins are transported fro, the endoplasmic 
reticulum (ER) (site of synthesis and initial 
glycosylate to the Golgi then to the cell surface 
When glycoproteins do not become processed they do not 
reach the cell surface . ^ ereforef ^ 

heated by endo H sensitivity (endo H recognizes 

high n*nnose N -iin*ed oligosaccharides but not 

Knlfl Crans P°" to the cell surface (for review see- 
™d R., and Komfeld. s., ^ m _^ sms ^' 
^f^^rl^. Ann. RevT Biochem. sT^^ 

Evidence that MHC I ia HSV-mrectea cells is unstable. 

T2 cenc " HC u ClaSS 1 Propeptides produced in rma-s and 
^ cells, lacing the putative peptide transporter 
proteins were found to be misfolded and unstable 
(Townsend et al. 19M . ^ To 

L^°:/^ F ? s . ter ' T L - ' Barber ' »- «* A 

62:285-295 (lSSOn "^in WY?=Prl in virrn , Cell 

and ! ' 6r C ° exami ne the stability 

and folding of class x molecules in HSV-infected human 

wMch h " Carri6d ° Ut P Ulse -^- experts in 
L -bod" ^ ^ ClaSS 1 ^ -o 

Is I ::; c r WMCh reC ° gni2eS ***~lr MHC 

class I proteans. and another which recognizes both 
properly folded and misfolded ones. 

fibril M ° re SpeCificall y' in these experiments human 
fibroblasts were left uninfected or infected for , 7^ 
with wqv.i Trv^B -ntectea for 4 hours 

«U HSV 1 VhsB. a to, , aclcing £he vir . on 

» Lh Cel » " ere Mdio1 ^^ «or 1 hour „i ch 

s-netiuon^e and "s-cysteine and the ub^ ras chasetJ 
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for 30 minutes. Cell extracts were mixed with antibodies 
immediately (i hr) or were incubated for is hours on ice 
before being mixed with antibodies. MHC class I proteins 
were immunoprecipitated using monoclonal antibody W6/32 
which recognizes only properly folded class I heavy/ii ght 
chain complexes (Parham et al, 1979, Supra ) or HC10 
which, under the conditions used, recognizes misfolded as 
well as folded MHC class I --chains (Stam et al, i 98€ 
3HE33), by first heating the cell extracts for 1 hour'at 
70 «c to denature the protein molecules. After 
immunoprecipitation, samples were subjected to 
electrophoresis on 14% polyacrylamide gels, aS shown in 
Figure 4 (A) ; a molecular weight marker of 45 KD is shown 
at the right of the gel. A densitometry quantitation of 
protein bands corresponding to the class I «- chains was 
also performed, as shown in Figure 4 (B) . The 
densitometry values obtained with uninfected and HSV- 
xnfected cell extracts incubated for 1 hours and 
precipitated with HC10 were set at 100. 

As is apparent from Figure 4, There was a 
modest inhibition of MHC class I «- chain synthesis in 
HSV- infected cells, even though an HSV-i mutant unable to 
express the virion host shut-off function, vhs, was used 
(Smibert and Smiley, 1990, Su^, ; perhaps this was 
because of competition between cellular and viral 
transcription and translation factors. Densitometry 
quantitation of the protein bands immunoprecipitated by 
HC10 showed that there was no appreciable proteolytic 
degradation of the «- chain in either infected or 
uninfected cells during the is hours incubation at 4»C 
However, only a fraction of the class I -chains present 
« extracts from HSV- infected cells were recognized by 
W6/32. m the example shown, approximately 42% of the 
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class I molecules precipitated by HC10 (total number of 
molecules) were recognized by W6/32 after i hours and 
about 30% of these molecules dissociated during 18 hours 
at 4°C (Figure 4). in contrast, class I molecules from 
5 uninfected cells were efficiently recognized by W6/32 and 
were stable, as less than Sir of the molecules dissociated 
during the 18 hours incubation. Therefore, it appears 
that MHC class 1 complexes formed in HSV- infected cells 
were misfolded and considerably less stable than those 
10 formed in uninfected cells. 

In these experiments , £2 -microglobulin levels 
were not dramatically altered by HSV infection (data"not 
shown), and furthermore, this &2 -microglobulin was 
available for binding to class I heavy chains because 45% 
of the heavy chain could be recognized by monoclonal 
W6/32, which recognizes only class I complexes containing 
S2 -microglobulin. 

It is known that folding of MHC class I 
proteins in the ER is dependent upon trimerization of MHC 
class I heavy or alpha chain, S2 -microglobulin, and small 
peptides derived from cellular or viral proteins 
(reviewed in Yewdell and Bennick (19 90 ), Supra ) . 
Townsend et al. (1990, Sypia) and numerous others have 
shown that MHC class I molecules fail to assemble, fold 
properly and are not transported to the cell surface in 
mutant cells if peptides are not available in the ER ' 
Later studies indicated that this was because these 
mutant cells lack TAP proteins which -pump" peptides into 
the ER. in these mutant cells, eg. rma-S or .174, MHC 
class I proteins remain sensitive to endo H and are 
misfolded. Moreover, the observed misfolding and 
instability of the MHC class I complexes in HSV- infected 
fibroblasts is similar to that observed in TAP 
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transporter-negative cell lines, and indicates that 
peptides are not associated with these MHC class I 
complexes in HSV- infected cells. 

It has been found here that MHC class I 
5 proteins synthesized in HSV- infected cells have the same 
attributes, e.g., the class I proteins remain endo H 
sensitive and are misfolded, as indicated by their lack 
of recognition by a conformational^ sensitive monoclonal 
antibody. si nce their lack or processing means that the 
class I proteins do not reach the cell surface in HSV- 
mfected. cells, one predicts that the class I proteins 
would be defective in presenting viral antigens to T 
lymphocytes . 

15 Evidence that the HSV-i immediate-early gen. product 
ICP4 7 xs required for ER retention of MHC I. 

HSV expresses three classes of gene products: 
immediate early (i E , , ear i y (E) , ^ latfi (L) # ^ ^ 

proteins are required for the synthesis of e and L 
proteins (Honess, r.„. and Roi2man# B> 
herpesvirus ^rromoUn,i r svnrh.c^ T . CasraHo 

fiSP^, J. Virol. 14:8-19 (1974),. However, a group of 
viral gene products including the vhs protein 
(McLaughlin j. . ^son, C. , Craigie, M .c, and Rixon, 

TlLrr^r^ * ™ ^ Virology 190:682-688 

(1992)) and the VPis transactivator of IE proteins 

30 ' BatterSOn ' W " «* B. Roizman., Characr^. ^ 

£ he induction of ff q PT1r . t j. virol> 46s371 . 377 ^ 
are incorporated into the virus particle and delivered 
into host cells upon virus entry. Since MHC class I 
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proteins were retained in the ER within 2 hours following 
HSV-i infection (Figure 2), it appeared that either a 
virion structural protein or an immediate -early gene 
product was be responsible for the retention of those 
proteins . 

To determine whether a virion structural 
protein was involved in this effect, stocks of hsv-2 were 
subjected to UV-inactivation so that the virus particles 
retaxned vhs activity but were transcriptionally silent 
Human fibroblasts were left uninfected, infected with 
HSV-2 (333), or with HSV-2 (333-vhs") , a mutant derived 
from 333 which does not express the vhs function, using 
10 plaque forming units/ml (PFU/ml) . other monolayers of 
fibroblasts were treated with gradient purified, uv- 
inactivated virus particles derived from HSV-2 strain 333 
or 333 -vhs' at levels corresponding to 200 PFU/cell, and 
were incubated for 2 hours at 37 <>c . The cells were 
labeled using the pulse-chase protocol described for the 
experiments shown in Figure 3, except that the pulse was 
for 20 min; then MHC class I proteins were 
immunoprecipitated using antibody W6/32, and class I 
proteins digested <♦, or not digested (-) with endo H. as 
also described for the experiments shown in Figure 3 
The proteins were then subjected to electrophoresis on 
14% polyacrylamide gels and exposed to X-ray film. 

The results are shown in Figure 5. m cells 
treated with relatively large quantities of ov- 
^activated HSV-2 particles lacking the vhs protein (333- 
vhs-), MHC class I proteins were processed in an 
identical fashion to that in uninfected cells; processing 
to endo H resistant forms after the chase period was not 
significantly inhibited. UV- inactivated virus particles 
derived from a HSV-2 strain which retained a wild type 
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vhs gene (333-vhs+) produced a marked decrease in the 
expression of class I proteins under these conditions, 
demonstrating that the virus particles retained vhs 
activity after UV- inactivation which had shut off host 
transcription. 

Since placing relatively high concentrations of 
structural proteins in the presence of cells was 
inadequate to inhibit the processing of MHC class I 
proteins to their endo H resistant forms, it appears that 
HSV-2 structural proteins and the vhs protein, which are 
part of the virus particle, are not sufficient to cause 
ER retention of MHC class 1 proteins, and that 
transcription of HSV genes is required. 

In order to determine whether HSV IE proteins 
were capable of inhibiting processing of MHC class I 
proteins, a panel of HSV-i mutants unable to express the 
6 IE proteins was analyzed. Human fibroblasts were left 
uninfected (UN) or were infected with wild- type HSV- 
KKOS), an HSV-l lacking the virion host shutoff gene 
(KOS-vhs-); HSV- l mutant dll20, which is unable to express 
ICP4; HSV-i mutant ICP6. , which is unable to express 
ICP6; HSV-i mutant R32S-ETK+, which is unable to express 
ICP 2; HSV- l mutant 5dll.2, which is unable to express 
ICP27; or HSV-i mutant N38, which is unab.e to express 
ICP47. cells were infected for 3 hr, were labeled with 
S-methxonine and »S-cy S teine for 20 min, and were then 
immediately lysed (P) or the label was chased for 90 
minutes (C) before lysis, MHC class I a- chains were 
"nmunoprecipitated. using monoclonal antibody HC10 and the 
proteins either were treated with endo H (+) or were not 
treated (-, before electrophoresis and autoradiography 

The results of these experiments are shown in 
Figure 6. m cells infected with HSV-i dl20. a mutant 
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unable to express IE protein lew, class I proteins 
renamed endo H sensitive. Since lew is strictly 
reouired £or expression of both E and L proteins , DiX on, 

^onafana^'T ITITlT ! 

2PdAnq the hemp C „^ 1 

r^nf"^ PRr1V PrP ^ lT 1 VP17? - ' J - Viro1 ' 36:189-203 
^^son^- an, elects, 

^"J*^^ Nature 285:329-330 (198 ,) 

L s S uf T S that eXPreSSi ° n ° f «-l » P« eins 

« sufficient to ianibic class , procegs and ^ 

transporc. Aaalysis of MHC class I proteins produced by 

XUF0 ^Figure 6) shows that thpqp mur^,. 
, ° Luat cnese mutants were still 

able to .nhibic class z processing, as the proteins 
IZIZ at°no H t SenSiCiVe - * 1 " dl «~ «— - 

20 lD contrasc . "tut 1J38. which is unable to 

block class I processing; the chased sables showed 
little or no endo H sensitivity, indicating that 

25 tlTT 3 COni,leted M nearly * 'hat 

1CP47 codxng sequences; however. The DS9 , usio and OS11 

early l 9 "! £UnC "° n <*" " *» expression o £ 

still «1 d !T' "* " US in£eC " d ™ 
stUl caused xnhzbition of mhc Class I processing (see 

a>ove,. Thus, it is unlikely that any of these gel. Tare 
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involved in this effect, in contrast, these results 
indicate that IE protein ICP47 i s involved in inhibition 
of MHC class I protein processing and transport to the 

cell surface- 

5 T p„ A 8eC ° nd B8V " 1 mUtanC ' M « 1 ' whi <=* lacks the 
ICP47 and USll genes (Mavromara-Nazos. (i 986 ,, Saaa) 

also failed to inhibit class I processing (not shown) ' 
ICP47 xs an IE gene which does not require ICP4 for its 
expression, and it has no known effect on virus 
10 "^-n. Expression of the other IE genes, as well 
E and L proteins, in cells infected with this mutant 
was normal (data not shown) . This indicates that ICP47 
is required for the observed inhibition of class I 
processing and transport, and that no other IE proteins 
L * are necessary. 

Since MHC class I molecules must be transported 
to he cell surface so that cells can be recognized by 
CD8 + T lymphocytes, the observed inhibition of class I 
processing and transport caused by ICP47 would be 
expected to cause cells containing ICP47 to be resistant 
to these cytotoxic T lymphocytes. 

for t™, *T 3 f±nal ^ C ° nclusive P«°f that the gene 

of MHC cla T 13 SUff±CienC C ° ^ 
of MHC class I protein processing and transport, and that 

it xs also sufficient to produce the inhibition of CTL 

lysis that is observed in HSV infections, the ICP47 gene 

has been cloned into an adenovirus vector, studies on 

this vector have demonstrated that a vector carrying the 

ICP47 gene is able to produce the ICP47 protein caus 

inhibition of MHC class I pro tein processing a^d 

transport, and inhibit cell lysis by cytotoxic T 

lymphocytes. Because these experiments are of great 

value in illustrating many of the uses for the ICP47 gene 
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and «. homologues chat are part of this invention, they 
have been omitted here, and have instead been shown and 
described as part of Example l hereinbelow. 

5 nTLT! i "• eti,, • > , «" 1 """ « « virus 
by inserting ,.„., for ICP<7 or Iop4 , hoBolojuM _ 

The use of viruses to serve as vectors for 
gene therapy- is . promising tecnnl5ue _ vhich 

future be widely practiced, Simp iy scated , , g J 

ST*". ^iL effects 

is cloned into a viral expression vector, and that vector 

infecT r \ ntr ° dUCed " "»«*-• »« virus 

-feces the cells, and then produces the protein sequence 
aaa. where it has its desired therapeutic effect 

* ' * ' Zabner - J -- Couture, L.A., Gregory RJ 
^-"^smith. A.E.. and Welsh. M.^IL^ 

^f!" f ' rr innnri1 11111 ''' " f "° 1 ii 

m»ft N.>, Ceil ,s :2 07- 216 ,„,.„. Howeveri 

HLt I f ±S U " " Viral VeCt °" f « »~ 
".Tlv^h MllS S " r «°*°"^ — "Ued bT 

of tL v^ 3,t ' S ' " hiCh even " a11 " «=ults in the loss 
of the varus and its beneficial therapeutic effect 
indeed, the concern that immune responses directed'to 

"Hieid of ^ Ve "° rS 18 a »J« *» 

cue field of gene therapy (jflj . 

^ ' • * ^ PreS6nt invenCion of f •» a method by which 
the 1D f ectlve persiscence Qf ^ ^ * J-h 

7 I 5 ^ r ° Ved ' ^ the therapeutic value 

of those vectors. This method entails adding to the 
vector a sequence that encodes the ICP47 protein, the IE 
12 protein of HSV-2, or another protein substantially 
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homologous to ICP47. Once these sequences are added to 
the vector, the expression of those sequences should 
effectively inhibit CD8+ T lymphocyte recognition of 
infected cells, and should thereby enhance the longevity 
and virility of the beneficial virus. 

One embodiment of this aspect of the invention 
is shown in Example 1 hereinbelow, wherein the ICP47 gene 
has been isolated and inserted into an adenovirus vector 
This vector is thereafter able to inhibit the processing' 
and transport of MHC class I proteins, and to thereby 
inhibit cell lysis by cytotoxic T lymphocytes that are 
directed against a vims with which the cells were co- 
infected. This demonstrates that such a vector or vector 
element could be used to protect the cells in which they 
reside from CTL-mediated cell lysis, whether the desired 
gene therapy gene was carried on that vector or on 
another vector with which the recipient was to be co- 

IT"?:. SinCS ^ " thS ICP4? gene product causes 
th! T^f ' th6Se eXperi * encs «W.t that delivering 
the ICP47 protein or a protein substantially homologous 
to it into the cells would have a similar effect Such 
proteins could be produced using known molecular biology 
methodologies (See: Sambrook et al. 1989. Sana) . 

Of course, the foregoing should not be viewed 
as limited to gene therapy vectors, as this method could 
be used to improve persistence in any virus in which such 
persistence may be desired. 

The present invention also includes the vector 
elements that might be used to carry out this method. It 
30 - Possible to use only the protein coding regions for 
such purpose, or to use the entire genes, including 
mtrons and other elements. The 7i4bp Nrul - xhol 
fragment of pRHP6, including part of the first exon, the 
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intron, and the entire coding sequences of ICP47, is one 
such element. Adenovirus vector AdICP47-i is a gene 
therapy vector that includes this element. 

5 inserting genes for ICP47 or ICP47 homologies into 
somatic genes or secondary vectors to inhibit cell 
recognition 

As an alternative to adding the sequences 
encoding ICP47 or a homologous protein to the DNA of a 
virus, it is also possible to introduce such a ge „ e into 
the somatic DNA of infected or uninfected cells, by 
methods that are well known in the art (Sambrook et al. 
1989, Sues,. Alternatively, it is also possible to 
introduce such a sequence into infected or uninfected 
cells by use of a secondary virus, i.e., one that is not 
the virus that is expected to produce the immune 

zuti t it " y be desirabie CO 

prior \TZ ^ 1CP4? COdi ^ 

prior to the introduction of a viral gene therapy vector 

0 This possibility is well illustrated by I*ampie ^ 
hereinbelow; the gene for ICP47 is carried on an 
adenovirus vector, y ec is demonstrably able to inhibit 
cell lysis by cytotoxic T lymphocytes specific for 
^ e * al -irus, with which the cells were co-infected. 
Thus, it is clear to one of ordinary skill in the art 
that one vector carrying the gene for ICP47 or a 
homologous protein could be used to infect a patient, and 
that a second vector, e.g., a virus carrying a gene to be 
introduced by gene therapy, cou id be used to inLct ^nat 
same individual; the first vector would inhibit 
recognition by CTL directed against either vector. 

Additionally, it may be quite useful to 
introduce a sequence that codes for ICP47 or a homologous 
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protein into the cells of individuals suffering from 
autoimmune diseases, either by introducing it into the 
somatic DNA or into a viral gene therapy vector, or 
alternatively, to introduce the protein ICP47 or its 
homologue into the patient's cells. By doing so, it 
should be possible to limit the display of MHC Class i 
complexes, and thereby limit autoimmune responses and 
symptoms of the disease. This approach should be useful 
m the treatement of a number of disorders believed to be 
m part mediated by cytotoxic T lymphocytes, such as 
tissue and organ transplant rejection, diabetes, multiple 
sclerosis and arthritis, whether or not they are wholly 
"autoimmune disorders- as that term is generally used. 
By reducing the recognition of cells of involved tissues 
by cytotoxic T lymphocytes, the symptoms of the disorder 
should be reduced, it should also be of value to use 
such a therapy with patients at high risk for developing 
such disorders, even if the damaging symptoms have not 
yet appeared. Furthermore, this approach should also be 
of value in the treatment of ocular herpesvirus 
infections, where significant tissue damage occurs as a 

HZll T T° tOXiC T Oocyte activity; this approach 
should lead to a reduction in recognition of cells by T 
lymphocytes, and thereby reduce tissue damage 
Similarly, it should be possible to use this method to 
treat transplant recipients in order to limit CD 8+ T ' 
lymphocyte -mediated tissue rejection. 

In some of the foregoing examples, it may only 
be necessary to introduce the genetic or protein elements 
into certain cells or tissues. For example, in the case 
of diabetes, introducing them into only the pancreas 
should be sufficent. and in the case of tissue or organ 
transplants, to only introduce them into the tissues or 
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organ being transplanted. However, it may be more 
therapeutically effective and more simple to treat all of 
the patients cells. 

Each of the above objectives should be equally 
5 attainable by adding to the cells the ICP47 protein 

itself, or a homologous protein, which could be easily 
produced by known recombinant DNA methodologies. 
(Sambrook et al., 1989, Supra ) . 

10 Treating persistent herpesvirus infections by use of 

antisense strands targeted to a ICP47 homologous nRNA or 
gene. 

There is now a considerable art regarding the 
use of so-called "anti-sense- polynucleotide sequences or 
analogs to prevent the expression of proteins in v^ 
(for review ^ NeC ker S , L. and Whitesell, L. , AnUafinas 
Technology- bin1nrrical 11tH14t . y r nd nya „ r ^ p1 

S miGmrlrm* , Am. J. Physiol. 265 (Lung Cell Mo i 
Physiol. 9:, L1 _. L12 (1993)} . ^ bas±c theory ^ ^ 

^ you add to a cell a large number of strands of a 
nucleotide sequence that is complementary to the 
messenger RNA that is transcribed to produce a 
particularly protein, these -anti -sense- strands will 
hybridize to the mRNA and limit or prevent its 
25 transcription. This method could be used here to limit 
or prevent the expression of ICP47 and homologous 
proteins by herpesviruses; as a result, suppression of 
immune recognition by CDS+ T lymphocytes would be 
reduced, and the organism's immune system could more 
rapidly and effectively kill the infected cells 
possible that this will even make it possible to 
eliminate the recurring symptoms of herpesvirus 
infection; e.g., in HSV-i infections, it might be 
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Treating herpesvirus infections with antibodies against 
an ICP47 homologous protein 

Persistent herpesvirus infections may also be 
advantageously treated by introducing monoclonal or 
polyclonal antibodies to the ICP4 7 -homologous protein 
that the given virus produces; this will limit or prevent 
the suppression of MHC Type I complex expression, and 
thus allow for more effective immune clearing. Methods 
for intracellular introduction of antibodies have been 
Ascribed ( See, „. g , Carlson, J.R., A new uw ^ 

intr» ee nmnr antibody ffpn. ^nn- imc ti^ 

^nodPfinenryvin, ry ,n U Proc . Watl , ^ Sci ^ 
90:7427-7428 (1993)). 

Treating herpesvirus infections with drugs which 
interrupt or inhibit ICP47 

1CP47 appears to block availability of cellular 

"T PePtideS Wh±Ch would — lly be presented on 
M^C ci ass x molecules> cauging the mc ciass x 

25 cei r C ° m : ° lded •** thir transport to the 

cell surface, whatever the mechanism of ICP47 action 

itTIff' ^ re&SOaahle t0 that ICP47 achi.es 

xts effect by interaction with one or more intracellular 

l2ll X l° r m ° leCUle - Purthe — ' it is clear that 

inhibition of MHC class j protein display dependg 

synt hesis of ICP47( and . t seems reasQnabie ^ conciude 

that its effectiveness is to at least some extent dose- 
dependent . 

With these things in mind, it seems clear that 
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by blocking the synthesis of ICP47 or its homologues, or 
by interfering with the interaction between ICP47 or its 
homologues and cellular molecules using drugs 
specifically developed for this purpose, one would expect 
that cells infected with herpesvirus would be more 
readily recognized by anti -herpesvirus CD8+ T 
lymphocytes, leading to better recognition of 
herpesviruses by the immune system, with the beneficial 
results of reduced infection, decreased latency, and 
io reduced symptoms. 

The invention as described herein includes a - 
method to screen for such drugs, as well as the drugs so 
identified. Quite simply, one need only create a system 
that produces ICP47 or a homologue of it, add amounts of 
candidate compounds to that system, and determine whether 
synthesis of ICP47 or the homologue is inhibited, whether 
inhibition of the processing of MHC class I proteins 
decreases, or whether cytotoxic T lymphocyte ly sis of 
cells increases when compared to that same system in the 
absence of the added compound. Candidate compounds could 
include a wide spectrum of small molecules from which so- 
called "ethical pharmaceuticals" are often identified 
and could also include a wide variety of other compounds, 
including large and small synthetic compounds, as well as 
"any naturally- occuring or man-made biomolecules 
including polynucleotides and polypeptides. 

One could easily use one* or more of the methods 
described herein to accomplish this. For example, one 
might establish a model system that produces ICP47 
either because it carries the coding gene in its genome 
on a vector, or in a virus with which it has become ' 
infected. One could then test for decreased ICP47 . 
synthesis by using the ICP47 antibody detection method 
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used to produce the results shown in Figure 7; cest for 
an increase in endo H resistance of the MHC class I 
complexes by using a pulse- chase protocol as was used to 
produce the results shown in figure 6; and/or test for 
increased CTL lysis using the assay method used to 
produce the results shown in Figure 2 or Figure 8. 

EXAMPLE i 

construction and characterization of a recombinant 
adenovirus vector carrying the coding sequence for HSV-i 
ICP47 

To determine whether other HSV gene products were 
required for the inhibition of antigen processing and 
whether ICP47 was sufficient for this effect, we 
constructed a recombinant adenovirus vector, AdICP47-i 
As shown in Figure 7(A). the HSV-i ic P4 7 gene was placed 
under the control of the HCMV immediate early promoter 
and was inserted into the El region of adenovirus type 5 
to produce AdICP47-i. AdICP47-i is replication ^ 
because « i acks Adenovirus E1 ^ 
sequences. 

Expression of ICP47 proteins 

The expression of ICP47 was examined by 
infecting human fibroblasts with HSV-i(F) using io - 
PFU/cell or AdICP47- 1 (Ad47) using either 1Q or iQo 
PFU/cell, or leaving fibroblasts uninfected (UN) Cells 
were labeled for 2 nr. HSV- infected cells were " 
radiolabeled from l co 3 , 2 to 4 , or 3 to 5 hours after 
mfectaon. and AdICP47- i- infected cells were radiolabeled 
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from 36 to 38 hours after infection using 25 S- methionine 
and 3S S-cysteine (50 uCi/ml of each). ICP47 was 
immunoprecipitated using an ICP47 -specific antipeptide 
serum and subjected to electrophoresis using 16% 
polyacrylamide gels. As shown in Figure 7(B), proteins 
of the same molecular weight as ICP47 were produced by 
AdlCP47-i (lanes are marked. «Ad4 7" in the figure legend) 
and these reacted with ICP47- specif ic antibodies. It 
therefore appears that the adenovirus vector AdlCP47-i is 
able to produce the ICP47 protein In vivo. 

MHC class i transport and processing is inhibited 

In order to determine whether the ICP47 
proteins produced upon infection of cells with adenovirus 
vector AdICP47-i were able to inhibit intracellular MHC 
class 1 protein processing, human fibroblasts were left 
uninfected or were infected with HSV-i (KOS) . AdICP47-i 
or AddlEl (which lacks El and E3 sequences but does not 
express ICP47) . Four hours after infection with HSV-1 or 
36 hours after infection wich an adenovirus, the cells 
were radiolabeled with ^-methionine and "S-cysteine for 
30 minutes and immediately lysed (P) or the label chased 
for 90 minutes (C) before lysis. MHC class I «-chains 
were immunoprecipitated using monoclonal antibody HC10 
and treated with endo H (+) or not treated (-) before 
electrophoresis and autoradiography. The results are 
shown in Figure 7(C, ; a molecular weight marker of 45 KDa 
is shown at the right. 

These results show that MHC class I proteins 
produced in human fibroblasts infected with AdICP47-i 
remained sensitive to Endo H, as with HSV-i- infected 
human fibroblasts, class 1 molecules from cells infected 
with control adenovirus AddlEl, lacking El and E3 
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sequences, became largely endo H resistant. These 
results show that the ICP47 protein produced by the 
recombinant adenovirus vector AdICP47-i is able to 
inhibit MHC class I protein processing is vi vo . 

Similar results were obtained with another 
adenovirus vector, AdICP47-3, where ICP47 coding 
sequences were placed under control of the SV40 early 
promoter and inserted into the E3 region so that the El 
sequences were intact and the adenovirus vector was 
capable of replicating in human cells (data not shown) . 
Therefore, other HSV gene products are not required for 
this effect and expression of HSV ICP47 is sufficient to 
prevent MHC I transport and processing. 



lysis by specific cytotoxic T lymphocytes is inhibited 

In order to determine if ICP47 produced by an 
adenovirus vector could inhibit recognition by cytotoxic 
T lymphocytes, human MR fibroblasts were left uninfected 
(UN) or were infected with AdICP47-i or AddlEl for 36 
hours, and were then infected with human cytomegalovirus 
(CMV) for 12 to 16 hours. An allogeneic fibroblast cell 
line, DG, was also infected with CMV. The fibroblasts 
were then loaded with the radiolabel »Cr and mixed with 
various ratios (effector: target cell ratios or E:T 
ratios) of a human cytomegalovirus -specific cytotoxic T 
lymphocyte clone, MR-16E6. Release of »Cr was determined 
after 5 hours, and percent specific lysis of the 
fibroblasts was calculated. 

^ res ^ts are shown in Figure 8. Uninfected 
30 fibroblasts (UN) were not lysed by the HCMV specific 

clone (I.e. , no "Cr was released after mixing with the 
cytotoxic T lymphocytes) but 40% to 50% of the sl Cr was 
released from HCMV- infected fibroblasts (CMV) indicating 
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that there was specific lysis of these cells. Lysis of 
allogeneic DG fibroblasts (Alio + CMV) , which do not 
share the same MHC class I molecules as the cytotoxic T 
lymphocytes, did not occur, indicating that the cytotoxic 
T lymphocyte clone lysed only target cells which shared 
the same MHC class I molecules. Prior infection of the 
fibroblasts with AdICP47-i caused the lysis of 
fibroblasts subsequently infected with HCMV (AdICP47 + 
CMV) to be reduced to background levels. By contrast 
prior infection of cells with ^ no effect 

lysis of cells infected with HCMV (AdICP47 ♦ CMV) • 
Therefore, expression of ICP47 blocked lysis of the cells 
by a cytotoxic T lymphocyte clone. 

It is understood that the exanroles and 
embodiments described herein are for illustrative 
purposes only, and that various modifications or changes 
« light thereof will be suggested to persons skilled in 
the art; these are to be included within the spirit and 
purview of this application and scope of the appended 
claims. 
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We claim: 



• A method for improving the infective persistence of 
a virus, comprising introducing into the genome of 
said virus an isolated nucleotide sequence encoding 
a protein selected from the group of ICP47 of HSV 
type i ( ie 12 of HSV type 2, proteins that are more 
than 40% homologous to ICP47 of HSV-i, and fragments 
of any of the foregoing that are able to improve 
said infective persistence. 

A method for inhibiting cell recognition by 
cytotoxic T lymphocytes, comprising introducing into 
said cells an isolated nucleotide sequence encoding 
a protein selected from the group of ICP47 of HSV 
type i; IE 12 of HSV type 2, proteins that are more 
than 40% homologous to ICP47 of hsv-i, and fragments 
of any of the foregoing that are able to inhibit 
said recognition. 

The method according to claim 2 wherein the 
nucleotide sequence is introduced through the use of 
a viral vector. 

The method according to claim 2 wherein the 
nucleotide sequence is introduced through the use of 
a viral vector separate from and in addition to a 
gene therapy vector with which the cells are also 
infected. 

A vector element able to suppress recognition of 
vector- infected cells by cytotoxic T lymphocytes, 
comprising an isolated nucleotide sequence encoding 
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a protein selected from the group of ICP47 of HSV 

2T .V! 12 of HSV cype 2 - proceins that are «*• 

than 40* homologous to ICP47 of HSV-i, and fragments 
of any of the foregoing that are able to suppress 
said recognition. 

• A vector element according to claim 5 comprising the 
7l4bp Nrux - xhol fragment of pRHP6 , including part 
of the first exon, the intron, and the entire coding 

sequences of ICP4 7. 

A vector comprising a virus including a vector 
element according to claim 5. 

An vector according to claim 7 comprising a vector 
having the identifying characteristics of AdICP47-i. 

A method for inhibiting cell recognition by 

stT'il T lymPhOCyCSS ' "filing introducing iato 
said cells an isolated protein selected from the 
group of IC P47 of HSV type x, IE 12 of Hsv 

are able to inhibit said recognition. 

A method for the treatment of herpesvirus 
infections, comprising introducing into infected 
cells a nucleotide sequence that is at least in part 
complementary to the mRNA sequence encoding a 
protein selected from the group of ICP47 of HSV type 
1, IE 12 of HSV type 2, proteins that are more th2 
40. homologous to ICP47 of HSV-i, and biologically 
active fragments of any of the foregoing, wherein 
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che complementary portion of said nucleotide 
sequence is of sufficient length to inhibit the 
translation of said mRNA and thereby inhibit the 
production of said protein. 

11. A method for the treatment of herpesvirus 

infections, comprising introducing into infected 
cells an antibody specific for a protein selected 
from the group of ICP47 of HSV type 1, IE 12 of HSV 
type 2 proteins that are more than 40% homologous 
to ICP47 of HSV,, and antigenic fragments of any of 
the foregoing. 1 

12. A method for identifying drugs useful in treating 
herpesvirus infections, comprising: 

Establishing a model cell system that expresses 
a protein selected from the group of ICP47 of HSV 
type IE 12 of HSV type 2, proteins that are more 
than 4 0% homologous to the ICP47 protein of HSvT 
fragments of any of the foregoing that exhibi; 
the functional characteristics of ICP47- 

Adding amounts of candidate compounds to 
samples of said model cells; and 

that Ibs^" 1 ' SM,PleS f ° r " CraiC differeat *«- 
that observed ia samples to which no such compound 

has been added, said trait being selected fro! the 
group of suppressed synthesis of the ICP47 
homologue. decreased MHC class I protein processing 
and increased CTL lysis. w»«xg, 

13. A drug identified by the method of claim 12. 

14. A method for the prevention and treatment of 
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disorders the effects of which are at least in part 
caused by autoimmune reactions, the method 
comprising introducing into a patient's cells a 
biomolecule selected from the group of an isolated 
nucleotide sequence encoding ICP47 of HSV type l, an 
isolated nucleotide sequence encoding IE 12 of HSV 
type 2. isolated nucleotide sequences encoding 
proteins that are more than 40% homologous to ICP47 
of HSV-i, the protein ICP47, the protein IE 12, 
proteins that are more than 40% homologous to ICP47, 
and therapeutically effective fragments of any of 
the foregoing. 

The method according to claim 14 wherein the 
disorder is tissue and organ transplant rejection. 

The method according to claim 14 wherein the 
disorder is diabetes. 



17. The method according to claim 14 wherein the 
disorder is multiple sclerosis. 

18. The method according to claim 14 wherein the 
disorder is arthritis. 

19- The method according to claim 14 wherein the 
disorder is ocular herpesvirus infection. 



63 



BNSDOC1D <WO 9515384A1_I_> 



WO 95/15384 



PCT/CA94/00657 



FIG. I 

A 




1/8 

SUBSTITUTE SHEET 



BNSDOCID: <WO 95l5384Al_L> 



WO 95/15384 PCT/CA94/00657 




T. O 

op o 
h". c/i to <*N 

4« O 



o 

CN 

O 
Ll. 



SISAl 0IJI03dS !N3Dd3d 





SISA1 3IJID3dS lN30d3d 



< 

CN 



O 



SISAl 0IJl03dS lN30U3d 

2/8 

SUBSTITUTE SHEET 



6NSDOCID <WC 9515384A1J_> 



WO 95/15384 



PCT/CA94/00657 



F I G. 3 



Uninfectedl HSV-1 I HSV-2 
P C P C P 
endo H — - + - 



A 



B 



C 




endoHH j endoH(+) 
hr pi.-*- 0246 81024 6 8 



D 




3/8 

SUBSTITUTE SHEET 



BNSDOCID <WO S515384A:_1_> 



WO 95/15384 



PCT/CA94/00657 



FIG. 4 

Uninfected HSV 



HCIO 


W6/32 


HCIO 


W6/32 


i_ JC 
■= 00 


.c 

00 


sz _ 
oo 


^ 00 



45 





120 - 




100 - 






••-» 

C 


80 . 




o 




E 




co 




o 


60 - 


> 




CO 




CD 


40 - 




20 - 




0 - 




1 hr 



18 hr 



1 hr 



Uninfected 



18 hr 



4/8 HSV 
SUBSTITUTE SHEET 



BNSDOCID <WO 9515384A1J_> 



WO 95/15384 



PCT/CA94/00657 



F I G. 5 



UNINF. I 333 
P C P C 

- + -+ - + - 4- 




5/8 

SUBSTITUTE SHEET 



BNSDOCID <WG 95l5384AlJ_> 



WO 95/15384 



PCT/CA94/006S7 



F I G. 6 





ICP22- ICP27" ICP47- 

P C PC PC 

+ -+- + ■- + - + - + 




6/8 



SUBSTITUTE SHEET 



BNSDOCID: <WO 95lS384AlJ_> 



WO 95/15384 



PCT/CA94/D0657 



F I G. 7 




SUBSTITUTE SHEET 



BNSDOCID <WO 9515384A1_I_> 



WO 95/15384 



PCT/CA94/00657 



Fl G. 8 



Lysis by antl-HCMV CTL clone 16E6 




E:T ratio 
8 /8 

SUBSTITUTE SHEET 



BNS0OCI0' <WO 951538*A1_|_> 



INTERNATIONAL SEARCH REPORT 



international application No. 
PCT/CA 94/00657 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12N15/38 C12N7/01 
A61K38/16 A61K39/42 



C12N15/63 A61K48/00 C07K14/035 



Accontnf to totenuttoml Patent ClasHficaaon (IPQ or to both national dasaficaoon and IPC 



B. FIELDS SEARCHED 



IPC 6 C07K 



searched (classification system followed by ctaxafictton symbols) 



Documentanon 



searched other than mtniimnn rtocurofnuooo to the extent that tucfa rt**nnnraTs arc in-hi' trfl in the Odds r ■rThtfl 



Elecuxmtcdau base consulted during me international search (name of data base and* where practical, search toots osed) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Qtaaonof 



i indication, where appropriate, of the relevant passages 



Relevant to cUnn No. 



JOURNAL OF VIROLOGY, 
vol.54, no. 2, May 1985 
pages 414 - 421 

PERSSON, R.H. ET AL. 'Cells that 
constltutively express the Herpes Simplex 
Virus immediate-early protein ICP4 allow 
efficient activation of viral 
delayed-early genes in trans' 
cited in the application 
see Figure 1; page 415, left-hand column, 
lines 43-49 



5,6 



7,8 



X| Further rt m i mrnti are listed in die continuation of 



box C. 



□ 



Patent Canal y mem ber s are listed in annex. 



Special categories of cited ^mirnti : 

A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the i 



later document pnhiiAad «ftrf Hw. ffttrrnitHma l 
or pnority date a nd not in conflict with the eppbeauon but 
acedjp im it rrmnd (he principle or meaty underlying me 



filing date 

T-* document which may throw doute on pnority cUimfs) or 
which is a led to establish the publication date of another 
atanon or other special reason (as specified) 
'O' document referring to an oral dudorurc, use, exhibition or 
other means 

"P" document published prior to the interaahonal filing date but 
utter than (he pnority date claimed 




at of part enlar relevance; the darned mvenbon 
cannot be considered to involve an tnvenuvc step when the 



menu, such conVxnanon bong obvious to a person skilled 
in the an. 



of the i 



family 



Date of the actual completion of the ™****\m*TMl search 

28 April 1995 



Date of mailing of the international search report 



1 8 -05- 1995 • 



Name and mailing address of the ISA 



European Patent Office, P.B. 5818 Patentlaan 2 
ML - 2280 HV Rijrwi* 
Td. ( + 31-70) 340.2040, Tx. 31 651 epooi. 
Fas (+31-70) 340-3016 



Authorized officer 



Alt, G 



i PCT/ISA/110 (neon* tbttx) (Jtuy 1992) 



nana 1 nf 9 



BNSDOClD <WO 9515384A1 I > 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/CA 94/00657 



[ C^Con&BUftOao) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* Quoon of document, witn m<Uoaao. where tppropiutc, of the relevant pamges 



Rctevnt to cUun No. 



P,X 



VIROLOGY, 

vol.195, no.l, July 1993, USA 
pages 62 - 70 

BONNEAU, R.H. ET AL. 'Epitope specificity 
fo H-2Kb-restricted, HSV-1-, and 
HSV-2-cross-reactive cytotoxic T 
lymphocyte clones 1 
see page 63, "Cells and Viruses" 

JOURNAL OF VIROLOGY, 
vol.66, no. 11, November 1992 
pages 6264 - 6272 

POSAVAD, CM. AND ROSENTHAL, K.L. 'Herpes 
Simplex Virus-infected human fibroblasts 
are resistant to and inhibit cytotoxic 
T- lymphocyte activity 1 

J. GEN. VIROL., 
vol.67, 1986 
pages 1035 - 1048 

UMENE, K. 'Conversion of a fraction of the 
unique sequence to part of the inverted 
repeats of the S component of the Herpes 
Simplex Virus type 1 genome 1 
cited in the application 

VIROLOGY, 
vol.194, May 1993 
pages 419 - 423 

NISHIYAMA, Y. ET AL. 'The US9, 10, 11, and 
12 genes of Herpes Simplex Virus type 1 
are of no importance for its 
neurovirulence and latency in mice' 

CELL,, 

vol.77, 20 May 1994 
pages 525 - 535 

YORK, I.A. ET AL. 'A cytosolic Herpes 
Simplex Virus protein inhibits antigen 
presentation to CD8+ T lymphocytes' 

VIROLOGY, 

vol.200, no.l, April 1994, USA 
pages 236 - 245 

BANKS, T.A. ET AL. 'Vaccination with the 
immediate-early protein ICP47 of Herpes 
Simplex Virus-type 1 (HSV-1) induces 
virus-specific lymphoproliferation, but 
fails to protect against lethat challenge' 
see page 242, right-hand column, third 
paragraph 



7,8 



1-19 



1-19 



i PCT/lSA/aiO jcoMmimirm ml 



teeg (July I TO) 



paqe 2 of 2 



BNSDOCID: <WO 9515384A1_I_> 




THIS PAGE BLANK luswo) 



